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INTRODUCTION 
There is ample research which shows that nutrients enter the above 
ground portion of plants (usually the leaves) and supply at least part 
of their nutritional requirements. Several reports of micronutrient 
deficiencies being alleviated with foliar sprays encouraged such an 
approach with nitrogen, phosphorus and potassium. Although some yield 
increases were acl^eved, in most cases the greater total nutrient 
requirement of macronutrients and problems with leaf injury when rates 
were raised to the needed levels made foliar application impractical. 
Â few experiments have been conducted where macronutrients have been 
applied to the foliage of com. Yield increases were not found by either 
Shubeck and Caldwell (1949) or Mederski and Volk (1956). Foy et al. 
(1953) did achieve some significant yield increases from urea sprays; 
however, the relative yield increase was not better than side-dressed 
nitrogen at 20 pounds per acre rate, while at rates exceeding 20 pounds 
per acre side-dressing was superior. Most early work did not prove foliar 
application was a superior way to supply the bulk of the nutrient needs 
for corn or other field crops. 
Lower than expected corn leaf levels of phosphorus and nitrogen are 
sometimes reported during dry seasons (Dumenil and George, 1968), even 
where more than adequate levels of soil applied fertilizer have been used. 
It also has been shown that a heavy demand for nutrients by com occurs 
just before and at the critical tassëiing and silking stages (Hanway, 
1962). 
It was the object of this study to determine if foliar applications 
of nitrogen or phosphorus during the heavy nutrient demand stage of growth 
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and under several different environments, including moisture stress, 
influence yields and leaf concentrations of the nutrients applied. 
As all earlier work reported was with yields usually well below the 
100 bushels per acre level, all known good management practices were 
used so that these relationships could be observed at high yield levels. 
It was not a major goal of this study to compare foliar versus soil 
applications of nutrients, but rather to see if foliar application would 
increase yields when low surface moisture levels limited root feeding. 
The influence of foliar feeding on silking, barrenness and kernel 
moisture were also studied. 
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REVIEW OF LITERATURE 
That plants can acquire part of their nutrient requirement through 
foliar uptake is a scientific fact, but Wittwer (1959) reports that plants 
can be grown from seed to seed with all of the plant nutrients being 
absorbed through the foliage with the roots only acting as absorbers of 
water. De and Singh (1960) report that foliar applied iron, copper, 
manganese, zinc, and boron were better utilized by sugar cane than was soil 
application. Datta and Vyas (1967) found that the uptake of phosphorus 
was eight times as efficient from foliar sprays as it was from soil 
applications. This was on early growth stage corn. Working with wheat, 
Thome (1957a) reports 100% of the nitrogen and potassium and 80% of the 
phosphorus applied to leaves was absorbed. 
According to Brasher et al. (1953), theoretically there are many 
possible advantages of foliar feeding over soil feeding of plants. 
Included are such factors as the following: nutrients are readily avail­
able due to less soil fixation of elements and leaching, a better nutrient 
balance can be supplied, plants can be fed throughout the growing season 
without root damage, nutrients might be included as part of a regular 
pest spray program, and plants may be able to absorb nutrients through 
leaves during times when low temperatures or lack of soil moisture would 
hinder nutrient uptake from the soil. Potts (1959) points out the 
possibility of a combination nutrient-pesticide spray program. Thorne 
(1955) states that mixing major nutrients with herbicide, fungicide or 
insecticide sprays may produce a more phytotoxic spray than any of the 
constituents applied alone. Foy et al. (1953) point out that applying 
nitrogen later in the season as a foliar spray may result in the nutrients 
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use for seed production rather than to produce more vegetative growth. 
Denmead and Shaw (1960), working with corn, found that when exposed 
to similar degrees of moisture stress, yields were reduced 25% during 
the vegetative stage, 50% during the time of silking, and 21% during the 
ear stage. Robins and Domingo (1953) report that soil moisture depletion 
to the wilting percentage for only one to two days during the tasseling 
or pollination period reduced com yields by 22%. If the stress period 
was six to eight days, yields were reduced by about 50%. 
A moisture stress index reported by Corsi and Shaw (1971) which 
considers the degree of stress for each day was more highly correlated 
with corn yields than was a former index developed by Dale (1968) which 
considered a day as either a stress day or a non-stress day. This 
stress index compares the water supply, based on soil moisture, with the 
atmospheric demand for water, based on class A pan evaporation, for each 
day of a 66 day period. This period is from June 27 through August 31, 
and mean values for various Iowa locations are reported by Shaw and Felch 
(1971). It is assumed that yield reduction, is proportional to the 
reduction in évapotranspiration below the potential évapotranspiration. 
The index extremes would be 0.0 (no stress) to 1.0 (extreme stress) for a 
given day. 
Eck and Fanning (1961) found phosphorus uptake by grain sorghum from 
a zone in the soil where phosphorus had been placed decreased with in­
creasing moisture stress and became inconsequential at the wilting point. 
Nitrogen uptake also decreased but it was less sensitive than phosphorus. 
Voss (1962) found a greater percent decrease in leaf phosphorus in corn 
under moisture stress than either nitrogen or potassium, although all 
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were lower under stress conditions. Sugar beets also were able to remove 
phosphorus placed four inches to the side of a row and four inches deep 
much better when the soil was moist (Haddock, 1962). Olsen et al. (1961) 
found the relative uptake of phosphorus by corn seedlings to be 100, 94, 
80, 50, and 35 for 1/3, 1/2, 1, 3, and 9 bars soil moisture tension, 
respectively. Elongation of roots, thickness of moisture films, diffusion 
path length and degree of root hydration were listed as factors involved 
in phosphorus uptake under soil moisture stress. 
Russell and Danielson (1956) covered the soil to prevent rainfall 
from entering while they measured soil moisture depletion throughout the 
growing season. They found the water removal zone progressed downward 
during the growing season. In June, water removal by the com plants 
was mainly from the top foot of soil, but by the August 23 to September 
10 period, almost all of the water was coming from below the four foot 
depth. Holt and Van Doren (1961) detected water usage by com to a depth 
of five feet in the period from tasseling to kernel formation. Most 
fertilizer is placed no deeper than the plow layer and many soils in Iowa 
have low phosphorus availability in the subsoil (Dumenil, 1969). The 
relationship between where water is available in the profile when moisture 
becomes limiting and nutrient uptake, particularly phosphorus, is of 
importance under these conditions, (Dumenil and George, 1968). 
Hanway (1962) has shown that ac silking time, only about 50% of the 
nitrogen, 44% of the phosphorus and 65% of potassium present at maturity 
is in the plant. If soil moisture in the surface soil is limiting and 
moisture uptake must come from deeper in the profile where nutrient 
supplies are often either lower or less available, nutrient shortages 
6 
may occur. Fçr this reason, foliar nutrition is sometimes mentioned 
even when fertility levels in the surface soil may be relatively high 
(Brasher et al., 1953). 
Compaction of a wet soil has also been shown to reduce phosphorus 
uptake (Bertrand and Kohnke, 1957). They report compaction reduced 
phosphorus in com roots to a level of only 25% that under a soil which 
wasn't compacted. Another factor which can ultimately reduce nutrient 
uptake by roots is root elongation. Gingrich and Russell (1956) found 
increases in soil moisture tension from one to twelve atmospheres brought 
about progressively smaller increases in radicle elongation of corn. 
Of the macronutrients, Okuda et al. (1960) feels that phosphorus, because 
of the ability of soils to fix phosphorus, and nitrogen, because of 
potential leaching losses, offer the best potential for foliar feeding. 
Much has been written about how foliar applied nutrients are taken 
into the plant, usually by way of the leaves, and what environmental 
conditions are optimum. Wittwer and Teubner (1959) report that even with 
very early liquid manure treatments of foliage, it was found that treat­
ment was most effective on damp days or after sunset. In his review, 
Boynton (1954) says that high temperatures and low humidity reduce 
nutrient absorption from foliar sprays. Mederski and Hoff (1958), working 
with manganese on soybean leaves, found nearly four times as much 
manganese was taken up 60 minutes after dipping leaves in a manganese 
sulfate solution where the leaves were kept moist as opposed to being 
dried immediately after dipping. Thome (1955) however, believes that 
some absorption takes place long after leaves are dry. That a moist 
environment improves foliar nutrient uptake is agreed upon by most authors. 
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Moderate temperatures appear to improve foliar nutrient uptake over 
extremes (Withee and Carlson, 1959). Mederski and Hoff (1958) reported 
that soybean leaves accumulated two to three times more manganese at 69°F 
than at 36°F. They report dew can also help. Teubner et al. (1957) 
say that the optimum temperature for phosphorus absorption is 21°C. 
Swanson and Whitney (1953) used radioisotopes to study the translocation 
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of foliar applied P and other radioisotopes in bean plants. They 
report low petiole temperatures (5°C) inhibited translocation by 85% or 
more and that the optimum translocation temperature was near 30°C. 
The actual mechanism and path followed during foliar absorption of 
nutrients has been studied quite extensively. Volk and McAuliffe (1954) 
found that nitrogen absorption by tobacco leaves could be increased ten­
fold by brushing the leaf surface. They report damaging epidermal hairs 
and the cutinized layer was the reason. Swanson and Whitney (1953) report 
eroding the epidermis of bean plants with an abrasive increased 
phosphorus uptake. Skoss (1955) gave a detailed description of the 
cuticle and factors influencing its development; however, he believed 
that stomatal penetration was the main point of entry whatever the 
sprayed substance. He reported that there was more cutin and wax on sun 
leaves than shade leaves and that water stress was a factor in causing 
heavier cutinization of leaves. He also reported some tendency for 
greater cuticle thickness at 17°C than at 10°C. 
Bukovac and Wittwer (1957) state that penetration is through the 
cuticle and epidermal cells although stomata may play a minor role. 
Dybiag and Currier (1961) demonstrated cuticular penetration by applying 
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chemicals co the stomata-free surface of hypostomatous leaves and by 
application in the dark when stomata were closed. In further studies, 
they were able to show that penetration with urea was almost zero when 
stomates were closed and that when the stomates were open, a wetting 
agent aided entrance. Phosphorous from phosphoric acid was shown to 
enter by both stomatal and cuticular penetration. Yamada et al. (1965) 
showed urea was able to penetrate the cuticle. 
Jyung and Wittwer (1964) gave evidence to indicate that foliar 
uptake is an active uptake process. Using such evaluation methods as 
time course analysis, influence of temperature, oxygen and energy 
dependence, sensitivity to metabolic inhibitors and influence of pH, 
they found the process is metabolic and propose that carriers play a 
role in uptake. 
In a review, Jyung and Wittwer (1965) discussed the question of 
penetration of foliar applied nutrients. They point out that some authors 
show a correlation between number of stomata per leaf area and absorption, 
and others do not. Suberization of the air-exposed surfaces of meso— 
phyll cells within stomatal cavities forms an internal cuticle. Thus, 
stomatal entry is not equivalent to absorption. However, they 
emphasize that if nutrients do get through stomata, this does greatly 
increase the absorbing surface and that the cuticular surface inside 
is easier to penetrate. It is thus believed that although stoma tal entry 
may be important, ultimate entry is through the cuticle. Also, the 
possibility that ectodesmata may serve as an important pathway for 
penetrating nutrients once the cuticle is penetrated was mentioned. 
Franke (1967) believes that the mechanism for the penetration of ions 
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through the cell wall is diffusion., i.e., a physical process. He says 
the step of getting substances through the plasma membrane is an energy 
requiring active process. 
Research has shown young leaves will absorb more nutrients and at 
a greater rate than older leaves (Cook and Boynton, 1952; Volk and 
McAuliffe, 1954; Fisher and Walker, 1955; Koontz and Biddulph, 1957). 
These same authors do not agree as to whether upper and lower leaf 
surfaces absorb equally. Apparently, this will vary with species. 
The value of surfactants or wetting agents is not completely agreed 
upon; however, most researchers favor their use. Dybing and Currier 
(1961) report that wetting agents may aid foliar absorption in two 
ways. First, the contact angle between the spray droplets and the 
external cuticular leaf surface is lessened and secondly, because 
penetration into the stomatal cavity is aided, and thereby the available 
absorbing surface is greatly increased. Cook and Boynton (1950) found 
that a wetting agent more than doubled the absorption of urea by apple 
leaves. Fisher and Walker (1955) report sizeable increases in 
phosphorus absorption by apple leaves when a wetting agent was used. 
In contrast to these results, Teubner et al. (1957) found surface 
wetting agents reduced adherence and depressed phosphorus absorption. 
Bukovac and Wittwer (1957) say that probably all mineral elements 
can be absorbed by leaves. Because it tends to give less leaf burn than 
other sources, the common nitrogen source used for foliar feeding is 
urea. Bullock and Benson (1952) demonstrated the absorption of urea 
by peach leaves when sprayed with a concentration of 15 pounds urea per 
100 gallons of water. Hinsvark et al. (1953) found that the time 
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required for 50% absorption of nitrogen as urea was from one to six 
hours for corn. The speed of absorption of nitrogen may be the fastest 
of all mineral elements. 
Of the major nutrients, phosphorus uptake has been studied in greater 
detail than most others. The possible importance of the pH of the 
phosphorus solution applied was recorded by Swanson and Whitney (1953) 
who worked with bean plants. They felt the ideal pH was 2.5 plus or 
minus 0.5 of a pH unit. This was thought due to increased absorption 
through the cuticle. They felt there was less necrosis at higher pH 
levels and less absorption. Teubner et al. (1957) say that maximum 
phosphorus uptake occurred fror. pH 2 to pH 3 when compared to pH 5. 
They also reported more visible injury at the lower pH values. Jycng 
and Wittwer (1964) found phosphorus absorption to be greater at pH 3.7 
than at pH 4.7. In an interesting study, Okuda, et al. (1960) found 
the TTiaYiTOiTm foliar absorption of a series of ammonium phosphates at 
different pH levels was at pH 2.6 and again at about pH 5.6 to 6.2 
Poorer results were obtained at pH levels of 3.6 and 4.5. 
Koontz and Biddulph (3957), again working with bean plants, studied 
the uptake and translocation of phosphorus from the following compounds: 
NaH2P0^'H20, Na^HPO^.7E2O, Na^PO^, KH^PO^, K^PO^, NH^H^PO^, 
(NH^)2HP0^, and H^PO^. Problems with improper concentrations and other 
variables limited their understanding of uptake, but NaH^PO^ and KgHPO^ 
proved to have the greatest translocation from the treated leaf. It 
was believed that the more effective retention of moisture on the leaf 
was the reason for the superiority of these two chemicals. Fisher and 
Walker (1955) working with apple leaves, found H^PO^ had the fastest 
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absorption rate, though and KH^PO^ were only slightly slower. 
Datta and Vyas (1967) worked with com and sprayed plants with ordinary 
superphosphate, dicalcium phosphate, monocalcium phosphate, and mono-
ammonium phosphate. With the use of radioisotope techniques, they 
report maYimnTn uptake was achieved with monoammonium phosphate; mono-
calcium phosphate was second best, while uptake was poorer with the 
other chemicals. 
Okuda et al. (1960) applied the following phosphate solutions to 
bean leaves: monocalcium phosphate, monoamnoniim phosphate, and a 
urea-phosphate solution. All contained equal concentrations of phos­
phorus and each was labeled with radioactive phosphorus. Based on 
translocation to other plant parts, the urea-phosphate solution was 
twice as effective as the other two materials. Teubner et al. (1957) 
said that the uptake of phosphorus was best when the accompanying cation 
was ammonium. Hinsvark et al. (1953) says the first step in urea 
metabolism by plants is the production of ammonia and carbon dioxide. 
In some studies, the benefit from urea as it might influence phosphorus 
uptake has not been shown (Fisher and Walker, 1955). 
Studies which have shown uptake of other nutrients include those of 
Page et al. (1963) with potassium, Mederski and Hoff (1958) with manganese 
and those of Leyden and Toth (1959) who worked with zinc. The zinc 
research showed a different uptake pattern between soil and foliar 
application with different crops. Using a sand-solution culture, corn 
absorbed more zinc through the foliage than through the roots. The 
pattern was reversed with soybeans and tomatoes. 
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Absorbed nutrients can move from the leaf to the roots (Asen et al., 
1954) . Emmert (1959) was able to follow phosphorus from the leaf to the 
roots and out into an external medium. Wittwer et al. (1963) emphasized 
that there appears to be no definite relationship between ease of 
absorption and subsequent mobility of foliar applied nutrients. They 
are not the same, but it appears that some studies do not separate the 
two. These authors separate nutrients into four classes ranging from 
highly mobile to immobile. Examples from each classification would be 
as follows: 
1. Highly mobile - nitrogen and potassium 
2. Mobile - phosphorus and sulfur 
3. Partially mobile - zinc, copper, manganese, and iron 
4. Immobile - magnesium and calcium 
A study by Wilson and McKell (1961) with sunflower seedlings was 
concerned with the effect of moisture stress on movement of nutrients 
from leaves to regions of growth or storage and cuticle permeability. 
They measured phosphorus absorption and translocation 24 hours after a 
32 foliar application of P labeled NaHgPO^. With a soil moisture tension 
of 0.3 atmospheres, 80% of the applied phosphorus was absorbed and 16% 
of that was translocated out of the leaf. With a soil moisture tension 
of approximately 5 atmospheres, 33% of the applied phosphorus was 
absorbed and 6.9% of that was translocated out of the leaf. At 
approximately 16 atmospheres, 15% of the phosphorus was absorbed and 6.4% 
was translocated from the leaf. The absorption and translocation 
percentages for the 5 and 16 atmospheres of tension were not statistically 
different. With increasing soil moisture tension, the phosphorus that 
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was translocated out of the leaf built up in the stem at the expense 
of the growing tip. The authors felt that wetness was an important part 
of absorption, and although stomates close under stress, they felt the 
cuticle thickness was more important. They also point out that the 
movement of absorbed phosphorus from leaves is affected by stress. 
Thus, even though a nutrient is absorbed, it may not be as effective 
because it won't move to growth or storage regions in the plant. 
Several researchers washed leaf surfaces prior to evaluation for 
absorption of nutrients to be sure that any unabsorbea materials would 
be removed. No significant amounts of most nutrients are believed to 
leach out of the leaves due to this washing, regardless of whether a 
very dilute detergent (Labanauskas, 1966) or just water is used (Long 
et al. 1956; Datta and Vyas, 1967). Long et al. (1956) did report 
some potassium loss after a four hour misting with distilled water. 
Published reports as early as 1912 observations by Lutman (1912) 
indicated that Bordeaux mixture on potatoes may serve two purposes, 
one as a fungicide and the other as a plant growth stimulant. Most of 
the early reports of nutrient deficiencies being corrected and yield 
increases from foliar applications were with minor elements. McLean 
(1927) demonstrated that spinach plants could be fed manganese through 
the leaves equally as well as through the soil. Gilbert (1946) increased 
tomato yields by as much as 215% by applying manganous sulfate to the 
leaves. Labanauskas (1962) found that foliar applications of manganese 
in April and November corrected manganese deficiency symptoms in 
grapefruit trees. Labanauskas and Puffer (1964) said that foliar 
manganese applications had increased yields of oranges by 22% while 
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no yield increase from zinc was achieved. In 1966, Labanauskas (1966) 
reported that at least 75% of the commercial citrus acreage in 
California was sprayed with compounds of zinc and manganese to supply 
these nutrients. 
Working with cantaloupes and tomatoes. Stark and Matthews (1958) 
got a very profitable response to foliar applications of magnesium and 
boron on deficient soils. Ford et al. (1965) used 2% sprays of Epsom 
salt (MgSO^"^^2^^ relieve magnesium deficiency symptoms, increase 
magnesium content of leaves and increase yields of apples. 
One of the largest yield increases from a foliar application was that 
reported by Withee and Carlson (1959) on iron deficient grain sorghum. 
Two 60 gallon per acre sprays of ferrous sulfate ranging in concentra­
tions from 0.5% to 6.0% were used. Although yields were good, there 
was some.leaf burning with the 4% and 6% concentrations. Control yields 
were 4.3 bushels per acre. Yields for 0.5%, 1.0%, 2.0%, 4.0% and 6.0% 
sprays were 13.4, 15.8, 22.7, 25.4 and 27.2 bushels per acre respective­
ly. Yields on non-chlorotic portions of the field were 60.4 bushels 
per acre. Yield increases from soil applications of various iron com­
pounds were much smaller than those achieved from foliar applications. 
A 4% ferrous sulfate solution was judged to be a good compromise. 
Yields were very near those of the 6% solution and foliar injury was 
less. De and Singh (1960) found increased growth of sugar cane when it 
was sprayed with a 0.5% solution of ferrous sulfate. 
Although a positive response to foliar applications of most minor 
elements has been achieved, the impression should not be that, all 
experiments have shown a positive response. McCall and Davis (1953) 
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received no yield response to manganese or zinc when they were applied 
to the foliage of horticultural crops being grown on organic soils in 
Michigan. In fact, a significant yield reduction occurred when zinc 
was applied. Brasher et al. (1953) applied zinc, boron, copper, manganese 
and iron on different horticultural crops and found no spray program to 
be economically sound even though small yield increases did occur in a 
few cases. 
Early success with minor elements and in a few cases with magnesium 
prompted research with nitrogen, phosphorus and potassium foliar applica­
tions. The ultimate goal of a foliar fertilization program would be to 
apply a complete mixed N-P-K fertilizer to prevent deficiencies of these 
three nutrients. Davis and Lucas (1954) quoted some early work on oats 
which would indicate little success for such an approach. An extensive 
research project by Mederski and Volk (1956) in Ohio tested this idea 
further. Complete N-P-K sprays were applied to com, soybeans, alfalfa, 
sugar beets, oats and wheat. Components of their mix were potassium 
hydroxide, urea, phosphoric acid, diammonium phosphate and distilled 
water. A 5-10-5 analysis was produced and this was further diluted 
before application. 
Different rates, different concentrations, applications at different 
stages, and multiple sprays were tried without success by Mederski and 
Volk (1956). In none of the many different experiments was a single 
significant yield increase achieved. Most experiments were conducted on 
fields where significant responses to soil applied fertilizer was 
achieved. In one study with com, the control yield was 33.1 bushels 
per acre while a row application of 300 pounds per acre of a 4.0-7.0-6.6 
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(N-P-K) fertilizer produced a yield of 52.6 bushels per acre. Foliar 
applications totaling 1.4-1.2-1.1 (N-K-P) for each application at plant 
heights of 6, 12, 24, and 36 inches gave a yield of 35.9 bushels per 
acre. When the basic soil fertility was higher than in the case just 
mentioned, neither application method gave a yield response. 
Meyer and Boodley (1964) found growth responses of chrysanthemum 
and poinsettia to be small from foliar applied nitrogen and phosphorus 
and non-existent from potassium. Mukherjee et al. (1966) studied a 
mixture of urea and triple superphosphate for both soil and foliar 
applications on potatoes. Five weekly sprays were used under three 
different systems: 1) all soil applied; 2) one-half soil and one-half 
foliar applied; and 3) one-fourth soil and one-fourth foliar applied. 
They report the soil was a sandy loam of average fertility. The one-half 
soil applied and one-half foliar applied system produced a yield increase 
of 18% over the all soil applied system. The one-fourth soil applied 
and one-fourth foliar applied systems produced yields not significantly 
different than the all soil applied system even though the total amount 
applied was only 50% of the all soil applied system- Analysis of whole 
plant samples indicated 29.1% more nitrogen and 37.5% more phosphorus 
was in the plants that received one-half soil and one-half foliar 
application as compared to those where all the fertilizer was soil applied. 
Bodade (1966) studied the effect of foliar applications of nitrogen 
and phosphorus on jowar (Sorghum vulgare). Urea and triple superphosphate 
were used; each was prepared separately at a three percent concentration 
and then mixed together. The eight treatments used included a control, 
three different soil treatments and four different foliar treatments. 
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Both grain and dry-fodder yields were recorded for two different crop 
seasons. It was demonstrated that significantly higher grain and dry-
fodder yields could be achieved by both soil and foliar applications. 
Most experiments have been of a single nutrient nature rather than 
of the "complete" fertilizer type. Wittwer (1959) advocated this as 
he says that even with multiple sprays, only 10 to 30% of the total 
major nutrient needs can be supplied. He says attention should be 
given to individual nutrient problems rather than using complete 
mixtures as foliar fertilizers. 
Thomas (1954) worked with nitrogen, phosphorus and potassium 
Individually in gravel cultures. He compared equal amounts of each as 
foliar and root applications. Dry weight of young com plants was 
Increased by both methods with a slight advantage for root feeding. 
Some leaf bum was observed. Plant analysis indicated equal or slightly 
more nutrients in the above ground plant when a foliar spray was used. 
There was a tendency for the reverse to be true when roots were analyzed. 
Potassium phosphate, monocalcium phosphate and diammonlum phosphate 
gave dry matter Increases of equal magnitude when compared as foliar 
sprays. 
Shubeck and Caldwell (1949) sprayed urea on com at plant heights 
of two feet and again at four feet. Total nitrogen applied ranged from 
7.5 to 30 pounds per acre at two different plot locations. The maximum 
yield achieved was 93.5 bushels per acre, but no yield Increase occurred 
as a result of the foliar nitrogen application. Foy et al. (1953) 
compared ammonium nitrate as a side-dress application to urea applied as 
a foliar spray. Although some foliar bum occurred with all 
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concentrations of urea tested, that which occurred at a concentration of 
50 pounds urea per 100 gallons of water was minor. At 200 pounds of 
urea per 100 gallons of water, one-fourth of the leaf area was necrotic. 
Two nitrogen deficient fields were used for the study. With the more 
dilute concentration, the yield increase from 20 pounds per acre of 
nitrogen for both fields was almost the same for both application methods. 
When the concentrated spray was used, yields were much lower at one 
location and slightly lower at the other. At a rate of 40 pounds of 
nitrogen per acre, the side-dress yields were higher. The authors 
noted that the spray injury was less on the field which was the most 
nitrogen deficient. In another part of the study, Foy et al. (1953) 
found that about 60% of foliar applied urea was absorbed in 24 hours. 
The effect of foliar spraying of urea solution on wheat was 
investigated by Finney et al. (1957). Rates up to 50 pounds of nitrogen 
per acre were used during a two year study. Significant yield increases 
were achieved during the first year of the study when the spray was applied 
from three to seven weeks before flowering. Usually a single spray was 
just as effective as three sprays. Some sprays late in the growing 
season significantly depressed yields. During the second year of the 
study, a more fertile soil was used and no significant yield increases 
occurred. Many of the spray treatments did increase grain protein 
content. Thorne and Watson (1955) also studied the effect of nitrogen 
on wheat. Many different combinations of soil and foliar applications 
gave about the same magnitude of yield increase. April spray applica­
tions produced more straw than those sprays applied at or just before 
head emergence, but yields were similar. No advantage was shown for 
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multiple sprays over a single early June spray. The possibility of 
combining urea or ammonium nitrate with 2,4-0 into a single foliar 
spray was tested by Thome (1957a). It was found that the spray of 
nitrogen and 2,4-D together did reduce stands somewhat. Soil applied 
solid fertilizer was taken up by the crop better than that applied as a 
spray; however, both increased yields. 
Plant uptake and yield responses of various magnitudes from 
nitrogen sprays have been reported for many different plant species. 
Yield increases of oranges from foliar applied urea were mentioned by 
Labanauskas et al. (1963). Thome and Watson (1956) found increased 
nitrogen uptake by sugar beets, but only slight yield increases where 
ammonium nitrate and urea sprays were used. McCall and Davis (1953) 
were able to increase celery, but not onion or potato yields with 
foliar applications of urea. They stated that, based on pounds of yield 
increase per pound of nitrogen applied, foliar applications were more 
efficient than soil applications. However, based on total yields, the 
soil applications were superior. Button and Hawkins (1958) feel that 
foliar application of urea is an effective means of supplying part of 
the nitrogen needs of potatoes, especially when the potatoes get too 
large to side-dress. Merrill et al. (1961) used both soil applied and 
foliar applied urea on reed canarygrass, timothy, orchardgrass and 
bromegrass. Yield increases were larger where soil applications were 
used though some response to foliar applications was measured. Working 
with foliar applications of urea solutions on cotton in Mississippi, Jones 
et al. (1962) did get yield increases equal to or just slightly below 
that from side-dressed nitrogen. This was only true when the cotton was 
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nitrogen deficient. When the nitrogen supply was adequate and no 
response to side-dressing occurred, a significant decrease in yields 
occurred with foliar applications. From this experience, they do not 
recommend foliar application as an insurance type practice when it is 
not known that a nitrogen deficiency exists. 
Few experiments have been conducted where yield response to foliar 
applications of phosphorus have been evaluated. Phosphorus was often 
one of the components of several mixed fertilizer studies mentioned 
previously. Silberstein and Wittwer (1951) found definite growth 
response to foliar applications of phosphorus as measured by height and 
fresh weight of tomatoes, beans and sweet com. Considering the amounts 
used, foliar applications were considered more efficient; however, soil 
applications gave the highest yields. Laughlin (1962a) was unable to 
increase the yields of potatoes above that achieved with soil applica­
tions when foliar applications were made in addition to heavy soil 
phosphorus applications. McCall and Davis (1953) were unable to 
increase yields of horticultural crops by leaf feeding with phosphorus. 
In fact, some yield depressions were noted. 
Research by Laughlin (1962b) with different concentrations and rates 
of potassium chloride and potassium sulfate as foliar sprays indicated 
yield increases of potatoes were possible. Both chemicals increased 
yields, but at higher concentrations potassium sulfate produced higher 
yields than did potassium chloride. At concentrations of 2.4% K^O and 
up, potassium chloride decreased yields; leaf bum was believed to be the 
reason. No injury from concentrations as high as 4.8% K2O was noted 
when potassium sulfate was used. 
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A problem common to almost every study on foliar feeding of 
nutrients is that of supplying sufficient nutrients without getting 
injury to the foliage. Chesnin and Shafer (1953) applied urea 
solutions to wheat, com, bromegrass and alfalfa. With bromegrass, rates 
as high as 176 poimds per acre of nitrogen was applied with no apparent 
plant injury. Wheat was intermediate in tolerance with com and alfalfa 
being the most sensitive. Leaf margin bum was noted on alfalfa and 
com at rates of only 20 pounds of nitrogen per acre. Leaf bum was 
less where low concentrations, split applications and fine spray droplet 
sizes were used. Shubeck and Caldwell (1949) found leaf bum on com 
with spray concentrations as low as 20 pounds of urea per 100 gallons 
of water at rates as low as 7.5 pounds nitrogen per acre. This was true 
even when split applications were used. 
Emmert and Klinker (1950) found that foliar injury to tomatoes by 
urea could be greatly reduced by mixing sucrose into the urea solution. 
They were able to increase the safe rate of urea by 10 fold when sucrose 
was added to the spray. They made no yield determinations. Foy et al. 
(1963) felt that there are two possible explanations for reduced injury 
where sucrose is used. These are reduced nitrogen absorption and 
increased rate of translocation away from the site of entry, thus 
preventing toxic products from building up. Unfortunately, they found 
that sucrose reduced urea absorption. Very similar results have been 
obtained by Thome (1955). Okuda and Yamada (1960) found that as you 
increase the amount of sucrose in a phosphate solution, less phosphoms 
is absorbed by the leaves of bean plants. Potts (1959) feels that urea 
may cause more leaf bum when plant carbohydrate content is low. 
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Thome (1955) reported that biuret alone or mixed with urea is highly 
toxic to plants. However, the amount of biuret in fertilizer grade 
urea was not toxic to cotton (Jones et al., 1962). 
Teubner et al. (1957) found that less foliar absorption of phosphorus 
will occur if there is a high level of phosphorus in the rooting media. 
In a later reference, it was noted that phosphorus which is taken up 
through the leaves when soils are adequately supplied with phosphorus 
is replacing or is taken up in preference to the phosphorus that other­
wise would be root absorbed (Teubner et al., 1962). Because of this, 
they stated the true value of foliar applied phosphorus has been over­
estimated in some studies where radioactive tracers have been used to 
catalog the source of nutrients found in leaves. Thome (1957a) has 
demonstrated that foliar nutrient applications may restrict root 
absorption of that nutrient in some cases; however, he doubts if the 
effects are very great in most cases. 
Losses of nutrient sprays to the atmosphere and soil can occur. 
In his review, Boynton (1954) says that this can occur due to 
volatilization, solutions dripping from leaves or the spray simply 
missing the plant and striking the soil. Accurate measurements are 
almost non-existent, but it was felt that up to 50% of a urea spray did 
not end up on the leaves of apple trees (Von Oppenfeld et al., 1952). 
The other extreme would be with aircraft spraying of sugarcane where 
usually less than 10% and no more than 25% of the spray is not inter­
cepted by the plants (Boynton, 1954). With a material like nitrogen. 
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some of that which hits the ground is probably ultimately taken up 
by the plants. Volatilization of ammonia from foliar applied urea 
has produced a 4% loss in one case (Harley et al., 1948). 
24 
METHODS AND MATERIALS 
This study consisted of field research conducted over a three year 
period from 1967 to 1970. Research was conducted each year at the Iowa 
State University Agronomy Farm in Boone County, Iowa. In 1969, an experi­
ment was located just southeast of the Iowa State University campus in 
Ames, Iowa. In 1970, an additional experiment was conducted at the Moody 
Experimental Farm in Lyon County, Iowa. 
Observations such as disease incidence, visible plant moisture stress, 
wind damage and damage due to spray treatments were noted when appropriate 
in all experiments. Pertinent weather data is recorded in the Appendix. 
As the response to foliar applied nutrients was to be a major part 
of the study, a set of observation plots were set up for the purpose of 
observing possible leaf bum from different rates and concentrations of 
nitrogen and phosphorus chemical sprays. The chemicals used were reagent 
grade urea (NH2CONH2), monoammonium phosphate (NH^H2P0^) and monocalcium 
phosphate (Ca(H2P0^)2 * H2O). Concentrations of urea ranged from 0.1 to 
2.0 pounds of urea per gallon of water. Concentrations of the two 
phosphate chemicals ranged from 0.125 to 1.0 pound of chemical per gallon 
of water. The rates applied of nitrogen and phosphorus were determined 
by varying the amount of solution. Keeping some of the higher concentra­
tions in solution was somewhat of a problem. 
Rates of nitrogen ranged from 7.5 to 30 pounds per acre. Rates of 
phosphorus ranged from 3.3 to 13.2 pounds per acre. A spreader was used 
with one of the intermediate concentrations. It was "Multi-Film X-77" and 
is made by Colloidal Products Coirporation, 100 Gate 5 Road, Sausalito, 
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California. One week after spraying all plots were observed for possible 
foliar injury and were rated on a scale from 0 (no visible bum) to 5 
(severe bum). 
Based on the moisture stress index reported by Corsi and Shaw (1971), 
daily stress values for the June 27 through August 31 period are 
presented in the Appendix for 1968, 1969 and 1970 at the Agronomy Farm 
and for 1970 at the Moody Experimental Farm. This index will later be 
used in discussions of environmental conditions that existed for the 
various experiments. 
1968 Experiment 
Experiment 1 
The site for this experiment at the Agronomy Farm was mainly a 
Nicollet loam soil. Portions of this site grade toward a Webster silty 
clay loam soil. A composite soil sample from the experimental area was 
tested by the Iowa State University soil testing laboratory. The soil pH 
was 6.45, the available phosphorus test was low to low-medium and the 
available potassium test was low-medium. The area was spring plowed and 
a very good stand of new seeding alfalfa was plowed under. 
Fertilizer disked in consisted of 134 pounds per acre of nitrogen 
as ammonium nitrate, 44 pounds per acre of phosphorus and 83 pounds per 
acre of potassium. The latter two were applied as a mixed fertilizer. 
The plots were machine planted on May 17 in 40 inch rows. To insure 
a good stand, 33,000 kernels per acre were planted. This was then 
thinned to the desired stand levels at a later date. The hybrid variety 
used was Pioneer 3567. Four row plots were used, but only the center two 
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rows were harvested. Each plot was 30 feet long with the center 28 feet 
being harvested. An atrazine-ramrod mixture, a pre-emergent herbicide, 
was applied soon after planting. Two cultivations and some hand weeding 
were also required for weed control. 
A randomized complete block experiment (split-split-plot design) 
was utilized. Plant populations were on the whole plots, spray dates on 
the sub-plots and the spray applied nutrients on the sub-subplots. Each 
treatment was replicated four times. 
Plant populations at harvest were 16,000 and 22,000 plants per acre. 
These will be referred to as low and high populations when discussed. 
Spray dates used were at the tassel-silk interval, (stage where tassel 
has emerged but silk has not) two weeks prior to the tassel-silk interval 
and two weeks after the tassel-silk interval. These will be referred to 
as spray dates 1, 2, and 3, respectively. The nutrient treatments con­
sisted of four spray materials, with two rates of each. Control (water 
only), urea, monoammonium phosphate and calcium phosphate sprays were 
used and will be referred to as nutrient treatments 1, 2, 3, and 4. 
Rates of water consisted of approximately 40 and 80 gallons per acre, the 
nitrogen rates applied were 9 and 18 pounds per acre and the phosphorus 
rates applied were 2.75 and 5.5 pounds per acre for both phosphorus 
chemicals. The lower rate will be referred to as rate 1 and the higher 
rate as rate 2 in each case. The spray concentrations used were 0.50 
pound of urea per gallon of water for the nitrogen treatments and 0.25 
pound of ammonium phosphate and calcium phosphate per gallon of water 
for the phosphorus treatments. A spreader was used in all spray solutions. 
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All spray treatments were put on during the evening hours with a hand 
sprayer at sufficient pressure to keep droplet size small. Approximately 
the upper 75 percent of the plants was sprayed. Plants were sprayed 
from both sides of the row in order to achieve adequate coverage. 
Two weeks after each spray date, a leaf sample to be used for 
chemical analysis was collected from each plot that had previously been 
sprayed. The leaf opposite and below the primary ear shoot was collected 
from 15 random plants in each plot. Leaves were put into air tight 
plastic bags and then kept in a cool room (45°F) for a period of two to 
four days. They were then washed with tap water, followed by two rinsings 
in distilled water. This was done to remove any nitrogen or phosphorus 
that might still remain on the leaf surface because of the prior nutrient 
spray treatment. In order to check the washing procedure for possible 
contamination or leaching of nutrients from the leaves, the leaf samples 
from a single block of dates 1 and 2 were split. Half of each sample 
was washed in the normal way and half was analyzed for phosphorus with­
out washing. The mean values for the four nutrient spray treatments are 
presented in Table 1. No statistical analysis was possible so no precise 
interpretation is in order. As the overall washed sample mean was 0.007% 
lower in phosphorus, this may indicate some surface contamination or 
unabsorbed phosphorus was removed. It does not appear that serious 
contamination or leaching occurred. As a result of this experience, 
all leaf sample results will be based on washed leaves (in future 
references). These samples were then dried and ground in preparation for 
future chemical analysis. 
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Table 1. Mean percent leaf phosphorus as affected by leaf washing— 
average of populations, spray dates 1 and 2 and spray rates 
for Experiment 1 (Agronomy Farm 1968) 
Nutrients Washed Not Washed 
Control .300 .299 
Urea .303 .313 
Ammonium phosphate .316 .330 
Calcium phosphate .306 .309 
Mean .306 .313 
Prior to chemical analysis, samples were oven dried and digested 
in concentrated sulfuric acid with a copper catalyst. Nitrogen was 
determined by steam distillation of ammonia from a basic aliquot of the 
digest. Ammonia was collected in a boric acid solution which contained 
an indicator and then titrated with standard sulfuric acid. Phosphorus 
was determined colorimetrically on an aliquot of the digest by the 
modified vanadomolybdate procedure. A small number of samples were 
analyzed for potassium. The flame photometer was used for this analysis. 
Silk counts were made on all date 1 and date 2 plots to evaluate 
the rate of silking. Just prior to harvest, stalk lodging (broken below 
the ear) counts were made. At harvest time, the total number of plants, 
total number of ears, and number of dropped ears were recorded for each 
plot. As each plot was harvested, field weight was recorded in pounds 
per plot. Two rows of kernels were removed from fifteen randomly selected 
ears from each plot. The wet weight for each moisture sample was obtained 
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prior to drying to a constant weight. Yield in bushels per acre was 
calculated on the basis of 15.5% moisture. Harvesting was done on 
October 25 and 26. 
1969 Experiments 
Experiment 2 
The site for this experiment at the Agronomy Farm was mainly a 
Nicollet loam soil. A composite soil sample from the area had a soil pH 
of 6.6, the available phosphorus test was medium and the available 
potassium test was low. The area was fall plowed and the previous crop 
was oats. Prior to planting, 150 pounds of nitrogen, 44 pounds of 
phosphorus and 83 pounds per acre of potassium were disked into the soil. 
An additional 50 pounds of nitrogen was side-dressed on July 14. 
The area was machine planted on May 14 at a planting rate of 33,000 
kernels per acre. This was later hand thinned to 24,000 plants per 
acre. 
Each plot consisted of three rows, 40 inches wide and thirty feet 
long. Two rows were treatment and harvest rows and the third served as 
a border. One foot was excluded from the end of each row at harvest 
time; thus 28 feet from each of two rows was harvested. The hybrid 
variety used was Pioneer 3505. Ramrod pre-emergent herbicide, one 
rotary hoeing and two cultivations were used for weed control. 
A randomized complete block experiment (split-plot design) was 
utilized. Spray dates were on the whole plots. Spray dates (biological 
stage at which spray was applied were identical to those used in 
Experiment 1, except another one was added. It will be referred to as 
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spray date 4. This additional treatment consisted of an identical set 
of plots receiving the nutrient spray treatments at each of the pre­
viously identified spray dates. In total, these plots will receive 
three times as much chemical as the other plots. Nutrient treatments 
were the sub-plots and consisted of a water control, 18 pounds per acre 
of nitrogen and 5.5 pounds per acre of phosphorus. The chemicals used 
were urea and ammonium phosphate. These will be identified as nutrient 
treatments 1, 2, and 3, respectively. Each treatment was replicated 
six times. 
Spray techniques were similar to those used in Experiment 1, except 
that slightly more concentrated sprays were used. By doing this, the 
gallons of solution applied per acre could be reduced to about 70 
gallons. This was done to prevent the spray from running off the plants. 
Leaf sampling, preparation and chemical analysis was similar to 
Experiment 1. Leaf samples from spray date 4 were collected at the same 
time as spray date 3 samples were collected. This would be two weeks 
after the final spraying. In addition to nitrogen and phosphorus, all 
samples from this experiment were analyzed for potassium. 
Silking, lodging, ear drop, barrenness, percent kernel moisture, and 
yield were all identified in a manner identical with that described in 
Experiment 1. The experiment was harvested on October 17 and 18. 
Experiment 3 
The site for this experiment was the Beach Avenue Experimental Area. 
The soil in the area is a Colo silt loam. The experimental site consisted 
of soil filled trenches which were lined with black polyethylene plastic. 
Each soil filled trench was 8 inches wide, 24 inches deep, and 
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approximately 100 feet long. Trenches were 80 inches apart and as one 
border row was planted between each trench row, the effective row width 
was 40 inches. 
Plants at the ends of each row and border rows on each side of the 
plot area produced the needed border effect. As eight trenches were 
available for this experiment and it was possible to lay out four one-
row plots 20 feet in length in each trench, a total of 32 experimental 
units were available for this experiment. Details on this experimental 
site have been given by Barnes (1966); Vincent (1968); and Lazo (1969). 
Soil samples taken from the trenches revealed they were high in 
available P, medium in available K, and the soil pH was 5.6. Sufficient 
lime to bring the soil pH to 6.9 was incozrporated. Prior to planting, 
ammonium nitrate and potassium chloride was incorporated into the soil 
at the rate of 40 pounds nitrogen and 30 pounds potassium per acre on 
a per acre equivalent. If only the surface area in the trenches is 
considered the rate would be five times as great. Additional nitrogen at 
40 pounds per acre on a total surface area basis, equivalent to 200 
pounds per acre nitrogen on a trench area basis, was top dressed on July 
1, July 7, and July 14. Total nitrogen applied would be 160 or 800 
pounds per acre depending on the basis of calculation. Border rows 
received 125 pounds nitrogen, 26 pounds phosphorus and 50 pounds 
potassium per acre. This was incorporated with a roto-tiller prior to 
planting. 
The com was hand planted on May 20 at the rate of two kernels per 
hill eight inches apart. The plants were later thinned to one plant 
every eight inches, resulting in a population of 20,000 plants per acre. 
32 
The hybrid variety was Pioneer 3505. Rodents reduced the stand in some 
border areas. This did not seriously affect the experimental area. 
Grain sorghum was grown in the trenches the previous year. Weeds were 
controlled by hand weeding. 
A randomized complete block experiment was utilized with four 
blocks. Spray dates 1 and 2 as previously described were utilized. 
Within each date, two of the plots were stressed for moisture and two 
were not. While the plots were under stress, nutrient spray treatments 
consisting of a control (water only) and a phosphorus spray of 5.5 
pounds per acre were applied to both the stress and non-stress plots. 
The plants in the trenches were irrigated by means of perforated 
plastic soaker hoses. Each experimental unit had a 20 foot soaker hose 
placed in an inverted position at the soil surface along the base of 
the plants. This is illustrated in Figure 1. Water was pumped to each 
row from a water tank located near the plots. All water was pumped 
through a water meter to assure that each experimental unit received an 
equal amount of water. The first irrigation was applied on July 13 and 
this was continued until September 16 when the last irrigation was 
applied. Except when some plots were purposely being stressed, water 
was applied according to plant needs. The rate per experimental unit 
was normally Ih or 2 cubic feet per irrigation. Each plot which was not 
stressed received a total of 225 gallons of water during the season in 
addition to natural rainfall that fell into the eight ipzh wide trench. 
During periods when stress was desired, irrigation was withheld and 
strips of plastic film were placed over the trenches and stapled around 
the base of the com plants to prevent as much rain water as possible from 
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entering the trench. This is Illustrated in Figure 2. 
The goal of each stress period was to lower the relative turgidity of 
the plants to 75 percent or less. The R.T. (relative turgidity) value 
was the index used to estimate plant water stress. Due to precipitation 
and cloudy days, a 75% R.T. value was difficult to achieve within the 
time limits of the desired plant growth stages. Similar problems were 
encountered by Claassen(1968) and Lazo (1969). The first stress was 
begun 10 days prior to the start of tasseling and lasted six days. The 
minimum mean R.T. value obtained during that time was 77.0%. The second 
stress was begun at time of tasseling and lasted for seven days. The 
minimum mean R.T. value obtained during that time was 75.5%. Date 1 
nutrient spray treatments were applied to all date 1 plots at the middle 
of the first stress period and date 2 nutrient spray treatments were 
applied to all date 2 plots at the middle of the second stress period. 
Stress and nutrient spray treatments were only applied once to a single 
plot. Following a stress period, plants were watered adequately. Non-
stressing plots were watered to at least a 90% R.T. level at all times. 
Relative turgidity was determined in a manner similar to that 
described by Barrs and Weatherley (1962) and that used by Vincent (1968). 
Relative turgidity, or relative water content, is basically the actual 
water content of plant tissue (usually leaves) relative to that found 
under full turgor, which is considered the 100% value. 
Four leaf disks, each 20 mm in diameter were cut from an area between 
the midrib and the leaf margin at a point starting six inches back from 
the leaf tip. A h inch spacing was left between each punch. The leaf 
disks were cut out using specially modified "pliers" consisting of a hard 
Figure 1. Perforated plastic hose used for irrigation as it was 
located beside com plants within a trench 
Figure 2. Method of preventing rainfall from reaching root system 
during a stress period 
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rubber base and a sharp circular cutting edge. Prior to tasseling, R.T. 
samples were taken from the uppermost fully expanded leaf which had a 
visible leaf collar. After tasseling, R.T. samples were taken from the 
fifth leaf from the plant apex as described by Barnes (1966). Two 
separate R.T. samples were taken from two random plants each day in each 
plot being stressed. 
Leaf R.T. samples were taken between 3:00 and 4:00 P.M. CDT, stored 
in moisture proof plastic weighing bottles and weighed in the laboratory 
within 30 minutes. This weight is the fresh weight (F.W.). The leaf 
disks were then submerged in petri dishes containing distilled water for 
15 hours and illuminated with fluorescent lights of 65 foot candles 
intensity. The leaf disks were then removed and carefully blotted until 
no sheen of water was visible, and again weighed in the original bottle. 
This weight is the turgid weight (T.W.). With the caps removed, the 
bottles, including the leaf disks, are placed in a 65°C forced 
ventilation oven to dry for four hours. They were again weighed and this 
is the dry weight (D.W.). 
The following formula was then used to calculate relative turgidity: 
F.W. - D.W. 
R.T. = X 100 
T.W. - D.W. 
Leaf samples for chemical analysis were collected and processed in a 
manner similar to that described in Experiment 1. 
Percent of plants silked in each experimental unit was counted on 
every other day from the onset to the completion of silking. 
Plant heights from the base of the plant to the tip of the tallest 
extended leaf were measured twice a week from July 20 through August 12. 
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Plants number 5, 10, 15, 20, and 25 were tagged in each experimental 
unit and used for this measurement. 
Starting at the onset of the first induced stress, several leaf 
area index (L.A.I.) measurements were made on stressed and non-stressed 
date 1 plots. This was continued on a weekly basis until the final leaf 
area was established by the plants. A similar set of measurements was 
carried out on date 2 plots. Plants number 10 and 20 were used in each 
experimental unit for L.A.I, measurements. L.A.I, is the unitless ratio 
of the upper leaf surface area per plant compared to the soil surface 
area per plant. Leaf area was determined as suggested by Montgomery 
(1911) by multiplying leaf length times maximum leaf width times 0.75 
for each leaf, and summing. 
The corn was hand harvested from 18 feet of row in each experimental 
unit on October 20. A sample was taken for moisture determination in 
each case. The ears were dried in a forced air oven for 96 hours and 
then shelled. Yields of shelled com in bushels per acre were calculated 
on 15.5% moisture basis. Stalk lodging, dropped ears, and barrenness 
were all identified in a manner as described in Experiment 1. 
1970 Experiments 
Experiment 4 
The experimental site at the Agronomy Farm was mainly a Nicollet loam 
soil, although portions of the area grade toward a Webster silty clay 
loam soil. Soil samples from the site indicated a soil pH of 6.15, the 
available phosphorus test was from low to low-medium and the available 
potassium test was high. The area was fall plowed and the previous crop 
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had been oats. An alfalfa seeding had been planted with the oat crop. 
Fertilizer disked in prior to planting Included 175 pounds of nitro­
gen and 66 pounds potassium per acre. Some phosphorus was disked in on 
specific plots. This will be described later. 
The experiment was machine planted on May 4 at a planting rate of 
33,000 kernels per acre. This was later thinned to the desired stand 
level of 24,000 plants per acre. The hybrid variety used was Pioneer 
3505. Each plot consisted of three rows, 40 inches wide and thirty feet 
long. Two rows were treatment and harvest rows and the third served 
as a border. One foot was excluded from the end of each row at harvest 
time; thus 28 feet from each of two rows was harvested. An atrazine-
ramrod mixture, a pre-emergent herbicide, one rotary hoeing and one 
cultivation was used for weed control. Some late weed growth had to be 
controlled by hand hoeing. 
A randomized complete block experiment (split-plot design) was 
utilized. Soil applied phosphorus fertilization served as the whole 
plots. The two rates used were zero and 33 pounds per acre of phosphorus 
as concentrated superphosphate. Within each whole plot there were nine 
sub-plots which consisted of three spray dates, the same as used in 
Experiment 1, and three nutrient spray treatments for each spray date. 
The nutrient spray treatments were a control (water), 5.5 pounds 
phosphorus, and 8.2 pounds phosphorus per acre. The experiment was 
replicated six times. 
Leaf sampling, preparation, and chemical analysis were the same as 
for Experiment 1. Only potassium analyses were run on all samples. 
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Silking, lodging, ear drop, barrenness, percent kernel moisture, and 
yield were all identified in a manner identical with that described in 
Experiment 1. Harvesting was done on October 12 and 13. 
Experiment 5 
Adjacent to Experiment 4, a small experiment was conducted to test 
the possible effects of varying the pH of the ammonium phosphate spray 
solution. A completely randomized design employing six replications 
was used. All plots were sprayed with 5.5 pounds per acre phosphorus at 
the tassel-silk interval. The treatments did differ in the pH of the 
solution applied. One treatment consisted of the usual ammonium phos­
phate solution and had a pH of 4.5. The other treatment consisted of a 
mixture of ammonium phosphate and phosphoric acid (H^PO^) to produce a 
solution pH of 3.0. 
Plot size was reduced to two rows 20 feet long, of which 18 feet 
was harvested. With this one exception, all other observations, plant­
ing and harvest procedures were the same as Experiment 4. 
Experiment 6 
This experiment was conducted on the Moody Experimental Farm in 
northwest Iowa. The major soil type at this site was a Moody silt loam. 
The experimental area was considered to be low in phosphorus and high 
in potassium. The crop the previous year was soybeans. 
Fertilizer plowed under in the spring consisted of 60 pounds nitrogen 
and 20 pounds per acre of phosphorus. An additional 115 pounds per acre 
of 5-3.8-8.3 (N-P-K) was applied with the planter. The com was 
planted on May 7 and the hybrid variety used was Burts A239. After 
thinning, the final stand was 14,000 plants per acre. Ramrod herbicide. 
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one rotary hoeing, and three cultivations were used for weed control. 
Each plot consisted of three rows, 40 inches wide and thirty feet 
long. Two of the rows received the spray treatments and the entire 30 
feet of each of these two rows was harvested. 
A randomized complete block experiment with four replications was 
utilized. As described in previous experiments, the spray dates used 
were dates 2 and 3. At each of these dates, the spray treatments applied 
on a per acre basis consisted of a control (water), 5.5 pounds phosphorus 
as ammonium phosphate, a mixture consisting of 10 pounds nitrogen as urea 
and 5.5 pounds phosphorus as ammonium phosphate and a fourth treatment of 
10 pounds nitrogen as urea. 
Silking, lodging, ear drop, barrenness and kernel moisture were 
observed in the conventional manner. The com was harvested on October 
2. The harvested ears were dried, shelled, and yields calculated on a 
15.5% moisture basis. Leaf samples were also taken for chemical analysis. 
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EXPERIMENTAL RESULTS 
To aid in determining what rates and concentrations of foliar sprays 
to use, observation plots were sprayed on July 1, 1968. Examples of the 
ratings used are given in Figures 3 and 4. Actual ratings given for 
different rates and concentrations for urea, ammonium phosphate and 
calcium phosphate are presented in Tables 2, 3, and 4, respectively. 
Each rating is a mean of two observations. No statistical interpretation 
is given. 
Analysis of variance for observations made in each experiment are 
presented in this section. Treatment means are discussed, and where 
appropriate, tests are made using Duncan's new multiple-range test to 
establish meaningful differences at the 5% level (Duncan, 1955) . 
All weather data are presented in the Appendix. 
Table 2. Visual leaf damage ratings for plants sprayed with urea^ 
Concentration 
(Lbs.urea/gal 
HgO) 7.5 
Rate of N applied (Lbs./A) 
15 30 
0.10 0.12 0.50 0.75 
0.50 
0.50^ 
1.25 
0.75 
1.75 
1.12 
2.50 
1.75 
1.00 
2.00 
2.50 
3.50 
3.00 
4.75 
3.50 
5.00 
^Ratings possible range from 0 (no injury) to 5 (severe injury). 
^A spreader-sticker used. 
Figure 3. Leaf damage from foliar applied urea. Ratings range from 
0 (no injury) to 5 (severe injury) 
Figure 4. Leaf damage from foliar applied ammonium phosphate or 
calcium phosphate. Ratings range from 0 (no injury) to 
5 (severe injury) 
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Table 3. Visual leaf damage ratings for plants sprayed with ammonium 
phosphate^ 
Concentration 
(Lbs. ammonium 
phosphate per gal. 
H2O) 
Rate of P applied (Lbs./A) 
3.3 6 . 6  13.2 
0.125 0.00 0.00 0.25 
0.250 0.12 0.62 0.75 
0.250^ 0.00 0.00 0.25 
0.500 1.00 2.00 - 2.75 
1.000 2.25 3.25 4.25 
Ratings possible range from 0 (no injury) to 5 (severe injury). 
A spreader-sticker used. 
Table 4. Visual leaf damage ratings for plants sprayed with calcium 
phosphate* 
Concentration 
(Lbs. calcium 
phosphate per gal. 
EgO) 
Rate of P applied (Lbs./A) 
3.3 6.6  13.2 
0.125 0.00 0.00 0.25 
0.250 0.00 0.37 0.75 
0.250^ 0.00 0.00 0.12 
0.500 1.00 2.00 2.00 
,1.000 1.75 2.75 3.25 
Ratings possible range from 0 (no injury) to 5 (severe injury). 
A spreader-sticker used. 
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1968 Experiment 
Growing conditions during 1968 were favorable for com production. 
Total rainfall for May through September was 1.41 inches above normal. 
June was very wet as 9.09 inches of rain was recorded; 5.21 inches is 
normal. July and August rainfall was slightly below normal; however, 
temperatures were not extreme during the critical periods. Rainfall 
and temperature data for the 1968 growing season are presented in Tables 
48 and 49 in the Appendix. Stress-day data are in Table 50 of the 
Appendix. 
Experiment 1 
The analysis of variance for all plant characteristics measured in 
Experiment 1 are presented in Table 5. Mean values for these same 
characteristics are presented in Table 6. 
Grain yield Population had a significant effect on yield. At a 
population level of 16,000, the yield was 132.4 bushels per acre, while 
at 22,000 it was 143.3 bushels per acre. Nutrient treatment means are 
presented in Table 7. From this table it can be seen that the only 
significant nutrient treatment differences were between the control and 
ammonium phosphate treatments. The yield increase from ammonium phos­
phate foliar spray in this case was 4.5 bushels or 3.3%. 
The interaction of spray dates and spray rates was highly significant. 
Yields tended downward for date 1 and date 2 at the higher spray rates; 
however, for date 3, the response was in the opposite direction. This 
is illustrated in Figure 5. Another highly significant Interaction 
Table 5. Analysis of variance for plant characteristics measured. 
Mean squares given for each characteristic for Experiment 1 
(Agronomy Farm, 1968)* 
, ^ Percent 
Source d.f. 
Grain Kernel Lodged Barren. Dropped 
Yield Moisture Stalks Stalks Ears^ 
B (Blocks) 3 447.41 21.1004** 22.04 569.34 32.60 
P (Populations) 1 5918.30* 5.7847* 120.56* 2490.27 321.55 
Error (a)^ 3 230.10 0.5578 6.98 359.47 130.76 
D (Spray dates) 2 18.24 0.8550 10.11 47.95 49.75 
P X D 2 13.85 0.7961 3.72 43.50 16.74 
Error (b)^ 12 45.57 0.5521 11.26 103.72 19.59 
N (Nutrients) 3 166.82** 2.3183* 16.90 181.82 7.75 
R (Rate) 1 0.37 1.7538 4.83 43.21 35.71 
N X R 3 16.89 0.2080 9.57 28.04 63.53 
P X N 3 5.55 0.5642 7.60 247.21* 23.10 
P X R 1 32.72 0.0171 8.50 55.85 18.58 
P X N X R 3 1.46 0.4005 2.17 71.24 71.12 
D X N 6 81.93 1.0987 5.87 105.08 115.73 
D X R 2 217.87** 0.3579 22.05 121.18 20.57 
D X N X R 6 49.90 0.6663 9.72 134.92 74.63 
P X D X N 6 141.08** 1.0470 13.91 93.68 47.82 
P X D X R 2 42.79 0.3034 1.01 87.27 27.76 
P X D X N X R 6 60.40 0.5628 7.46 80.78 41.20 
Error (c)^ 125 41.92 0.6907 10.67 83.63 66.82 
Total 191 
^A single asterisk (*) indicates F-test significant at 5% level. A 
double asterisk (**) indicates F-test significant at IZ level. 
^Presented as transformed data. 
^C.V. (a) = 11.0%, C.V. (b) = 4.9% and C.V. (c) = 4.7%. 
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Percent 
Silked Silked Silked Leaf , Leaf 
July 25 July 28 July 31 Nitrogen Phosphorus^ 
79.03 389.86 15.61 0.3194 57.50* 
8024.85** 20019.94&& 3149.19** 25.1210* 75.85* 
90.70 554.42 71.21 0.9099 2.48 
0.96 177.66 42.43 29.7647** 65.26* 
12.81 3.38 14.24 0.0456 11.20 
63.94 99.35 28.05 0.6727 9.80 
120.73 52.01 130.83** 0.1644 79.28** 
131.83 83.85 12.81 0.0532 34.98** 
67.85 159.83 10.68 0.1133 9.35* 
19.14 30.35 9.88 0.1266 8.11 
34.13 16.25 28.78 0.0001 1.55 
99.78 75.59 32.51 0.1330 1.57 
192.00 447.76* 51.57 0.1542 3.23 
395.86 332.82 0.39 0.0591 2.32 
200.48 187.55 10.09 0.1435 1.95 
59.35 68.22 7.91 0.2087 5.13 
154.22 237.62 22.36 0.0403 2.49 
126.93 54.36 14.63 0.1243 2.71 
140.99 156.00 28.92 0.1949 3.07 
Table 6. Mean values of plant characteristics measured for Experiment 1 (Agronomy Farm, 1968) 
Grain Percent 
Yield Kernel Lodged Barren Dropped Silked Silked Silked Leaf Leaf 
(bu/a) Moisture Stalks Stalks Ears July 25 July 28 July 31 Nitrogen Phosphorus 
Populations : 
16,000 132.2 20.0 4.3 1.8 1.4 25.3 73.2 94.7 3.17 0.296 
22,000 143.3 20.3 6.0 3.7 1.8 9.5 48.2 84.8 2.93 0.285 
Spray dates*: 
1 137.2 20.3 5.3 3.3 1.6 17.3 59.5 89.2 3.22 0.280 
2 138.3 20.1 5.5 2.6 1.8 17.5 61.9 90.3 3.15 0.298 
3 137.8 20.1 4.7 2.4 1.5 — — — 2.79 0.294 
Nutrients ; 
Control 135.7 20.2 4.5 3.6 1.7 18.4 60.7 87.3 3.02 0.279 
Urea 137.6 19.8 5.9 2.5 1.8 19.6 62.5 90.6 3.05 0.283 
Ammonium 
phosphate 140.2 20.4 4.8 2.4 1.6 16.1 59.6 92.0 3.06 0,303 
Calcium 
phosphate 137.5 20.1 5.4 2.4 1.5 15.5 59.9 89.1 3.07 0.298 
Rates^: 
1 137.8 20.3 5.3 2.6 1.7 18.4 61.5 90.0 3.06 0.287 
2 137.7 20.1 5.0 2.9 1.5 16.4 59.9 89.4 3.04 0.294 
*Date 1 (July 13), date 2 (July 24), and date 3 (August 11). 
^Rate 1 equals 9 lbs/A N for urea and 2.75 lbs/A P for the two phosphate nutrients. Rate 2 equals 
18 lbs/A N for urea and 5.5 lbs/A P for the two phosphate nutrients. 
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Table 7. Mean grain yields in bushels per acre as affected by nutrient 
sprays—average of populations, spray dates, and spray rates 
for Experiment 1 (Agronomy Farm 1968)^ 
Ammonium phosphate Urea Calcium phosphate Control 
140.2a 137.6ab 137.5ab 135.7b 
^Means followed by same letter were not significantly different at 
5% level. 
was the three factor interaction of populations by dates by nutrients. 
Figure 6 illustrates graphically the effect of populations, dates, and 
nutrients on grain yield. 
No other main effects or interactions in Table 5 were significant. 
Main effects of particular interest which were not significant Include 
dates of spraying and rates of spraying. The interaction of particular 
interest which was not significant included the interaction of nutrients 
and rates. 
Percent kernel moisture Two main effects and no Interactions were 
significant. The significant main effects include populations and 
nutrients. At a 16,000 population, the kernel moisture was 20.0%, and 
with a 22,000 population it was 20.3%. 
Means for percent kernel moisture for different nutrient spray 
treatments are presented in Table 8. From the table it can be seen that 
the ammonium phosphate and control treatments are significantly higher 
in moisture than the urea treatments. 
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Table 8. Mean percent kernel moisture as affected by nutrient sprays— 
average of populations, spray dates, and spray rates for 
Experiment 1 (Agronomy Farm, 1968)^ 
Ammonium phosphate Control Calcium phosphate Urea 
20.4a 20.2a 20.lab 19.8b 
^Means followed by same letter were not significantly different 
at 5% level. 
Percent lodged stalks The only factor found to be significant 
was population. The low population had 4.3% lodged stalks while the 
high population had 6.0%. 
Percent barren stalks The populations by nutrients interaction 
is significant at the 5% level. Means for percent barren stalks as 
influenced by nutrients and populations are illustrated in Figure 7. At 
the low population, it appears that the nutrient sprays, urea, ammonium 
phosphate and calcium phosphate decrease barrenness at a greater rate 
than at high population. 
Percent dropped ears There was no significance for any of the 
main effects or interactions as related to dropped ears. 
Percent silked plants Silk counts were made on three separate 
days, each three days apart. Counts were made on July 25, 28, and 31. 
There was a highly significant difference for populations on all three 
days. It is apparent from Table 9 that silking was delayed when the 
plant population was 22,000 in contrast to 16,000 plants per acre. 
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Table 9. Mean percent plants silked in three different counts as 
affected by populations—average of spray dates, nutrient 
sprays, and spray rates for Experiment 1 (Agronomy Farm, 1968) 
Population Count number^ 
1 (July 25) 2 (July 28) 3 (July 31) 
Low 25.3 73.2 94.7 
High 9.5 48.2 84.8 
^Count 1 (July 25), count 2 (July 28) and count 3 (July 31). 
^Populations were 16,000 and 22,000 plants per acre. 
One of the more interesting effects of foliar sprays is that which 
it may have on silking. There was no nutrient effect on percent plants 
silked on the first two counts. However, on the third count, which was 
on July 31, there was a highly significant nutrient effect. This is 
shown in Table 10. At this time, there was a significantly higher percent 
of the ammonium phosphate and urea treated plants silked in comparison 
to the control. The ammonium phosphate treatment also had a significant­
ly higher percent plants silked than did the calcium phosphate treatment. 
Table 10. Mean percent silked plants on July 31 as affected by nutrient 
sprays—average of populations, spray dates 1 and 2, and spray 
rates for Experiment 1 (Agronomy Farm, 1968)^ 
Ammonium phosphate Urea Calcium phosphate Control 
92.0a 90.6ab 89.1bc 87.3c 
^Means followed by same letter were not significantly different at 
5% level. 
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For silk count number two (July 28) there was a significant inter­
action between spray dates and nutrients. This is illustrated in Figure 
8. The calcium phosphate treatment had higher percent plants silked 
for spray date 1, while the other three nutrient sprays had a higher 
percent plants silked for spray date 2. 
Percent leaf nitrogen Leaf nitrogen level was significantly 
different for the two populations used. The low population (16,000) 
had a mean leaf nitrogen of 3.17% while the higher population (22,000) 
plant leaves contained 2.93% nitrogen. 
A highly significant difference in leaf nitrogen levels was also 
noted for the different spray dates. The percent leaf nitrogen for 
date 1 was 3.22, for date 2 it was 3.15, and for date 3, the level was 
down to 2.79, Table 11 shows that leaf nitrogen for dates 1 and 2 were 
significantly higher than for date 3. As leaf samples were taken two 
weeks after each spray date, leaf nitrogen levels represent plants at a 
different growth stage. Nutrient spray differences were not significant. 
Table 11. Mean percent leaf nitrogen as affected by spray dates*— 
average of populations, nutrient sprays, and spray rates 
for Experiment 1 (Agronomy Farm, 1968)^ 
Spray date 
1 2 3 
3.22a 3.15a 2.79b 
^Date 1 (July 13), date 2 (July 24) and date 3 (August 11). 
^eans followed by same letter were not significantly different 
at 5% level. 
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Figure 8. The effect of spray dates and nutrients on percent barren 
stalks for Experiment 1 (Agronomy Farm, 1968) 
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Percent leaf phosphorus Leaf phosphorus level was significantly 
different for the two populations used. The low population had a mean 
leaf phosphorus of 0.296% while the higher population plant leaves con­
tained 0.285% phosphorus. 
Table 12. Mean percent leaf phosphorus as affected by spray dates^— 
average of populations, nutrient sprays and spray rates for 
Experiment 1 (Agronomy Farm, 1968) 
Spray Date 
1 2 3 
0.280b 0.298a 0.294a 
^Date 1 (July 13), date 2 (July 24) and date 3 (August 11). 
^Means followed by same letter were not significantly different at 
5% level. 
A significant difference in leaf phosphorus levels was noted for the 
different spray dates- Table 12 summarizes leaf phosphorus levels as 
related to dates. Leaf phosphorus levels for dates 2 and 3 were signifi­
cantly higher than for date 1. As in the case with nitrogen, leaf 
phosphorus levels at different dates represent plants of a different growth 
stage. Nutrients and rates were both highly significant and these will be 
examined individually. 
The ammonium phosphate and calcium phosphate treatments produced 
significantly more leaf phosphorus than the urea or control treatments as 
shown in Table 13. Although the ammonium phosphate treated plants contained 
0.005% more leaf phosphorus than the calcium phosphate treated leaves, 
this difference was not significant. The 0.004% greater phosphorus levels 
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for the urea treatment also was not sufficient to say that the urea treat­
ment produced leaf phosphorus levels greater than the control treatment. 
The rate 1 (2.75 pounds phosphorus per acre) mean was 0.287% leaf 
phosphorus, and the rate 2 (5.50 pounds phosphorus per acre) mean was 
0.294% leaf phosphorus. This small difference of 0.007% was significant. 
Table 13. Mean percent leaf phosphorus as affected by nutrient sprays— 
average of populations, spray dates, and spray rates for 
Experiment 1 (Agronomy Farm, 1968)^ 
Ammonium phosphate Calcium phosphate Urea Control 
0.303a 0.298a 0.283b 0.279b 
^eans followed by same letter were not significantly different at 5% 
level. 
The only significant Interaction was the nutrients by rate inter­
action. The interaction is illustrated in Figure 9. The largest difference 
between rate 1 and rate 2 is in the case of the control treatment. This 
represents about 40 gallons water for rate 1 and 80 gallons water per 
acre for rate 2. There is also a sizable Increase for rate 2 when the 
ammonium phosphate treatment is considered. Differences for the urea and 
calcium phosphate treatments were very small. 
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1969 Experiments 
Growing conditions during 1969 were favorable for com production. 
Total rainfall for May through September was 0.62 of an inch above normal 
at the Agronomy Farm. July rainfall was above normal. August rainfall 
was below normal; however, only one day was recorded in which the maximum 
temperature reached 9CP F. Because August rainfall was 1.83 inches below 
normal, low August temperatures were of great importance in reducing 
possible moisture stress on plants. Weather data for the 1969 growing 
season at the Agronomy Farm and at the Beach Experimental Area are 
presented in Tables 51, 52, and 54 in the Appendix. Stress-day data for 
the Agronomy Farm is in Appendix Table 53. 
Experiment 2 
This experiment was conducted at the Agronomy Farm. Disease lesions 
were first observed on the lower leaves of the com plants in early 
August. On August 11, 1969, the disease was tentatively identified by the 
Iowa State University Plant Disease Clinic as Phyllosticta zeae.. By 
September 6, when a wind storm destroyed much of the leaf area, the 
infection had spread upward destroying most of the leaf tissue below the 
ear. Later developments indicated the disease most likely was 
Helminthosporium maydis (Race T). 
The analysis of variance for all plant characteristics measured in 
Experiment 2 are presented in Table 14. Mean values for these same 
characteristics are presented in Table 15. 
Grain yield Spray dates had a significant effect on grain 
yield. A highly significant nutrient effect was also noted. The dates 
by nutrients interaction was not significant. 
Table 14. Analysis of variance for plant characteristics measured. Mean squares given for each 
characteristic from Experiment 2 (Agronomy Farm, 1969)® 
Source d.f. Percent 
Grain Kernel ^ Lodged Barren Dropped Leaf Leaf Leaf 
Yield Moisture Stalks Stalks Ears Nitrogen Phosphorus Potassium 
B (Blocks) 5 119.38* 8.7100** 525.25* 56.89 58.84 0.1998 8.85 2.0049** 
D (Dates) 3 127.11* 0.7411 515.17* 31.91 64.80 9.2633** 16.48* 10.3914** 
Error (a)^ 15 35.61 1.2691 122.13 81.56 61.00 0.1268 4.22 0.1553 
N (Nutrients) 2 216.91** 4.8738 301.71 23.89 52.94 0.3208* 585.51** 0.1582 
D X N 6 51.29 1.1852 329.98 40.93 10.52 0.1201 70.81** 0.5050 
Error (b)^ 40 33.53 1.7511 286.59 22.48 35.75 0.0824 3.08 0.2305 
Total 71 
^A single asterisk (*) indicates F-test significant at 5% level. A double asterisk (**) indicates 
F-test significant at 1% level. 
^All percent data in this table is presented as transformed data. 
^Grain yield C.V. (a) = 4.5% and C.V. (b) =4.3%. 
Table 14 (continued) 
Source d.f. Percent silked 
August 1 August 3 August 5 August 7 
B (Blocks) 5 400.41** 390.35** 104.69* 18.36* 
D (Dates 3 70.87 20.54 20.93 7.76 
Error (a)^ 15 69.67 67.68 27.57 5.13 
N (Nutrients 2 2.68 106.85 15.84 1.56 
D X N 6 131.09 98.00 19.38 6.37 
Error (b)® 40 104.95 120.91 49.38 8.18 
Total 71 
Table 15. Mean values of plant characteristics measured for Experiment 2 (Agronomy Farm, 1969) 
Grain Percent 
Yield Kernel Lodged Barren Dropped Silked Silked Silked Silked Leaf Leaf Leaf 
(bu/a) Moisture Stalks Stalks Ears Aug.l Aug.3 Aug.5 Aug.7 N P K 
Dates*: 
1 134.9 19.6 25.0 1.9 0.6 28.2 60.9 85.1 94.3 3.86 0.350 2.12 
2 134.7 19.2 30.6 0.7 0.9 27.9 62.8 85.9 94.9 3.49 0.368 1.92 
3 134.2 19.3 22.2 0.8 1.2 26.4 61.5 87.4 95.6 3.30 0.360 1.74 
4 129.3 19.2 32.7 1.0 0.5 23.8 60.3 87.2 95.8 3.30 0.372 1.67 
jtrients: 
Control 133.1 19.7 24.7 0.9 0.6 26.5 60.3 86.7 95.1 3.45 0.337 1.86 
Urea 130.3 19.0 27.4 1.0 1.1 26.2 63.8 87.0 95.4 3.53 0.333 1.85 
Ammonium 
phosphate 136.3 19.2 30.8 0.9 0.7 26.9 60.0 85.5 94.9 3.49 0.418 1.88 
®Date 1 (July 18), date 2 (July 31), date 3 (August 14) and date 4 (July 18, 31 and August 14). 
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Means for the four spray dates are given in Table 16. Yields for 
spray date 4 are significantly lower than for dates 1, 2 and 3. 
Mean yields for the three nutrient sprays are presented in Table 17. 
Significance in this case was due to the ammonium phosphate treatment 
being six bushels per acre better than the urea treatment. Yields above 
the control for ammonium phosphate (2.4%) and below the control for urea 
(2.1%) in both cases failed to be a real difference by a narrow margin. 
Table 16. Mean grain yields in bushels per acre as affected by spray 
dates —average of nutrient sprays for Experiment 2 (Agronomy 
Farm, 1969)^ 
Dates 
1 2 3 4 
134.9a 134.7a 134.2a 129.3b 
^ate 1 (July 18), date 2 (July 31), date 3 (August 14) and date 4 
(July 18, 31, and August 14). 
^Means followed by same letter were not significantly different at 5% 
level. 
Grain yield means for the various dates and nutrients are presented in 
Figure 10. This interaction was not significant. However, this informa­
tion aids in understanding the-overall experiment. When date 4 is com­
pared with the other three spray dates, the yields are lower by 9.8 bushels 
per acre (7.4%) for urea and 6.9 bushels per acre (5.0%) for ammonium 
phosphate. Control yields were essentially the same. Date 4 plots were 
sprayed on each of the date 1, 2 and 3 spray dates, and as such, received 
three times as much chemical. Foliar injury, particularly on the urea 
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treatment, was noted on date 4 plots and this might have contributed to 
the lower yields. 
Table 17. Mean grain yields in bushels per acre as affected by uutrient 
sprays—average of spray dates for Experiment 2 (Agronomy 
Farm, 1969)® 
Ammonium phosphate Control Urea 
136.3a 133.lab 130.3b 
^eans followed by same letter were not significantly different at 
5% level. 
Percent kernel moisture None of the main effects or interactions 
for percent kernel moisture were statistically significant at the 5% 
level. The mean percent kernel moisture for the control was 19.7, for 
the ammonium phosphate treatment, it was 19.2 and for the urea treat­
ments, it was 19.0. 
Percent lodged stalks A significant difference in lodged stalks 
was found for the different spray dates, and this is presented in Table 18. 
Spray dates 2 and 4 had significantly greater stalk lodging than spray 
date 3. 
Percent leaf nitrogen A highly significant difference in leaf 
nitrogen level was noted for the different spray dates. The percent leaf 
nitrogen for spray date 1 was 3.86, for date 2 it was 3.49, and for both 
dates 3 and 4, it was 3.30. Table 19 shows that leaf nitrogen for date 1 
was significantly higher than for the other spray dates. Date 2 was 
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Table 18. Mean percent lodged stalks as affected by spray dates^— 
average of nutrient sprays for Experiment 2 (Agronomy Farm, 
1969)» 
Dates 
25.0ab 30.6a 22.2b 32.7a 
^ate 1 (July 18), date 2 (July 31), date 3 (August 14) and date 4 
(July 18, 31 and August 14). 
^Means followed by the same letter are not significantly different at 
5% level. 
Table 19. Mean percent leaf nitrogen as affected by spray dates^— 
average of nutrient sprays for Experiment 2 (Agronomy Farm, 
1969)° 
Dates 
3.86a 3.49b 3.30c 3.30c 
^Date 1 (July 18), date 2 (July 31), date 3 (August 14) and date 4 
(July 18, 31, and August 14). 
^Means followed by same letter were not significantly different at 
5% level. 
significantly lower than date 1 but higher than dates 3 and 4. As 
mentioned before, leaf samples for each spray date were taken two weeks 
after spraying; thus plants of different growth stages are represented. 
It is interesting to note that date 3 and 4 samples which were taken at 
the same time contained identical leaf nitrogen levels. 
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Nutrient treatment differences for leaf nitrogen were significantly 
different. Mean percent leaf nitrogen as related to the nutrient 
treatments is presented in Table 20. The relationship of importance in 
this case is that the urea treatments did produce significantly higher 
leaf nitrogen levels than the control. The urea treated leaves contained 
0.08% more leaf nitrogen. The spray date by nutrient spray interaction 
was not significant. 
Table 20. Mean percent leaf nitrogen as affected by nutrient sprays— ^ 
average of spray dates for Experiment 2 (Agronomy Farm, 1969) 
Urea Ammonium phosphate Control 
3.53a 3.49ab 3.45b 
^eans followed by same letter were not significantly different at 
5Z level. 
Percent leaf phosphorus There was a significant difference in leaf 
phosphorus levels for the different spray dates. The means for the 
different dates are shown in Table 21. Significantly lower leaf phosphorus 
levels were found for date 1 in comparison with spray dates 2 and 4. 
Although date 4 had the highest leaf phosphorus level, it was not 
significantly greater than spray dates 2 or 3. 
A highly significant increase in leaf phosphorus was found for the 
ammonium phosphate treatments in comparison to the control or urea 
treatments. The nutrient spray means are presented in Table 22. The 5.5 
pounds per acre phosphorus treatment produced a 24% leaf phosphorus 
increase over the control. 
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Table 21. Mean percent leaf phosphorus as affected by spray dates^— 
average of nutrient sprays for Experiment 2 (Agronomy Farm, 
1969)° 
Dates 
1 2 3 4 
0.350b 0.368a 0.360ab 0.372a 
^Date 1 (July 18), date 2 (July 31), date 3 (August 14) and date 4 
(July 18, 31 and August 14). 
^Means followed by same letter were not significantly different at 5% 
level. 
Table 22. Mean percent leaf phosphorus as affected by nutrient sprays— 
average of spray dates for Experiment 2 (Agronomy Farm, 1969)^ 
Ammonium phosphate Control Urea 
0.418a 0.337b 0.333b 
^Means followed by same letter were not significantly different at 
5% level. 
The dates by nutrients interaction was also highly significant. 
This data is summarized in Figure 11. The wide variation in leaf phos­
phorus levels for the ammonium phosphate treatments is obvious. 
The approximate increase in leaf phosphorus from date 1 to date 2 is 
10.7%, from date 2 to date 3, it is 5.7%, and date 4 is 11.2% higher in 
leaf phosphorus than date 3. Later spray dates (thus later leaf sampling 
dates) represent different stages of plant development; however, date 4 
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represents a plant growth stage Identical to date 3. The difference in 
this case is that a total of three times as much phosphorus was applied. 
Date 4 represents a 30.1% leaf phosphorus increase compared to date 1 
where ammonium phosphate was applied. Date 2 leaf phosphorus levels for 
the control and urea treatments were slightly higher than date 1, 3, or 
4 levels. 
Percent leaf potassium Dates were highly significant. Mean percent 
potassium for the various dates is presented in Table 23. Date 1 samples 
contained a significantly greater potassium leaf level than dates 3 and 
4. The highest leaf potassium was 2.12% for date 1 and the lowest was 
1.67% for date 4. 
Table 23. Mean percent leaf potassium as affected by spray dates^— 
average of nutrient sprays for Experiment 2 (Agronomy Farm, 
1969)* 
Dates 
1 2 3 4 
2.12a 1.92ab 1.74b 1.67b 
^ate 1 (July 18), date 2 (July 31), date 3 (August 14) and date 4 
(July 18, 31, and August 14). 
^Means followed by same letter were not significantly different at 5% 
level. 
The interaction of dates by nutrients was not significant at the 5% 
level. As significance at the 10% level was achieved, this interaction 
is illustrated in Figure 12. The potassium levels at the various dates 
as influenced by the urea treatment is of interest. Note that for date 1, 
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the urea treatment had the highest potassium level In the leaves and for 
date 4 (extra nitrogen), It Is the lowest. 
None of the main effects or interaction for percent barren stalks, 
percent dropped ears or percent silked plants were significant. 
Experiment 3 
This experiment was conducted at the Beach Avenue Experimental Area. 
A few leaf lesions caused by the disease EeTminthosporium maydls (Race T) 
were identified on the lower leaves late in the season. Neither the 
disease nor the September 6 wind storm contributed a significant amount of 
damage to this experiment. 
The analysis of variance for most plant characteristics measured in 
Experiment 3 are presented in Table 24. Mean values for these same 
characteristics are presented in Table 25. 
Grain yield There was a highly significant yield difference for the 
two spray dates used in this study. The mean yield for spray date 1 (two 
weeks prior to tassel-silk interval) was 127.0 bushels per acre, and for 
spray date 2 (tassel-silk interval) the yield was 117.2 bushels per 
acre. A highly significant difference between stressed and non-stressed 
plants also was evident. The mean yield for stressed plants was 115.6 
bushels per acre, and for non-stressed plants, it was 128.5 bushels per 
acre. 
The spray dates by moisture stress interaction was significant. Mean 
grain yields are shown in Table 26. It is obvious that moisture stress 
during the more critical early silking stage reduced yields more than did 
stress during the late vegetative stage. The yield reduction during the 
Table 24. Analysis of variance for plant characteristics measured. Mean squares given for each 
characteristic from Experiment 3 (Beach Avenue, 1969)* 
Source d. f. Percent 
Grain Kernel ^ Lodged Barren Dropped Leaf Leaf 
Yield Moisture Stalks Stalks Ears Nitrogen Phosphorus 
B (Blocks) 3 63.63 1.1003 100.74 43.68 5.81 4.6495 2.70 
D (Spray dates) 1 776.17** 11.3460* 157.92 106.26 412.95 29.6506* 12.68* 
S (Moisture 
stress) 1 1333.86** 38.1483** 257.99 294.18 117.86 0.0788 20.04* 
D X S 1 531.38* 51.4121** 0.48 106.26 113.95 0.2892 1.88 
N (Nutrients) 1 102.24 1.4951 638.63* 108.21 3.05 3.6202 95.69** 
D X N 1 339.30* 0,4503 4.46 12.67 151.56 3.6930 36.19** 
S X N 1 2.42 8.9817 428.36 108.21 65.43 1.6435 9.19 
D X S X N 1 105.85 0.1596 14.70 12.67 71.55 1.1979 4.88 
Error 21 78.13 2.2806 133.58 70.91 155.10 3.7227 2.87 
Total 3 
*A single asterisk (*) indicates F-test significant at 5% level. A double asterisk (**) indicates 
?-test significant at 1% level. 
^All percent data in this table is presented as transformed data. 
^Grain yield C.V. = 7.2%. 
Table 24 (continued) 
Percent silked 
oource d i l l  
July 31 Aug. 2 Aug. 4 Aug. 6 Aug 8 Aug. 10 Aug. 12 
B (Blocks) 3 127.19 160.92 207.22 152.39 130 .11 177.24 35.32 
D (Spray dates) 1 202.36 246.58 89.47 1431.43** 2080 .77** 2197.53** 1812.58** 
S (Moisture 
Stress) 1 503.11 1336.84* 3052.23** 3172.56** 2860 .05** 2900.06** 1812.58** 
D X  S 1 178.11 74.57 53.32 1243.88** 3169 ,35** 3523.69** 1812.57** 
N (Nutrients) 1 334.53 37.85 29.89 145.19 26 .72 86.95 90.32 
D X  N 1 137.82 7.88 207.05 37.05 32 .61 103.64 7.87 
S X  N 1 3.35 11.54 79.66 770.42* 1285 .01* 623.16 7.87 
D X  S X  N 1 0.06 16.54 137.98 504.33 577 .87 214.91 7.87 
Error^ 21 249.52 310.05 229.87 161.38 185 .03 176.18 54.21 
Total 31 
Plant Height Max. LAI 
July 20 July 24 July 28 Aug.1 Aug.4 Aug.7 Aug.12 Aug.15 
B (Blocks) 3 0.93 1.47 2.90 5.78 5. 99 5.93 6.52 0.0209 
D (Spray dates) 1 12.75 69.62 91.12** 42.78 36. 34* 16.53 21.95 0.0030 
S (Moisture 
stress) 1 11.52 7.41 1.20 8.82 5. 86 15.12 7.51 0.2032 
D X  S 1 11.52 154.00** 105.85** 120.90** 27. 56 11.52 ! 7.51 0.0473 
N (Nutrients) 1 0.03 0.98 1.53 8.82 6. 04 4.96 ' 2.05 0.0185 
D X  N 1 12.25 10.12 26.28 31.60 23. 63 24.15 23.29 0.1093 
S X  N 1 10.12 6.30 18.00 40.50 25. 38 31.21 33.83* 0.0282 
D X  S X  N 1 6.85 50.50 31.21 24.85 42. 09* 38.72* 37.63* 0.0176 
Error^ 21 8.04 17.29 8.98 12.31 7. 17 7.82 6.56 0.0485 
Total 31 
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Table 25. Mean values of some of the plant characteristics measured for 
Experiment 3 (Beach Avenue, 1969)® 
Grain Percent 
Yield Kernel Lodged Barren Dropped Leaf Leaf 
(bu/a) Moisture Stalks Stalks Ears Nitrogen Phosphorus 
Dates^: 
1 127.0 23.3 8.1 0.2 1.4 3.42 0.308 
2 117.2 24.3 10.2 1.4 3.5 3.23 0.320 
Moisture 
Stress: 
Non-stress 128.5 22.9 10.1 0.0 3.0 3.32 0.306 
Stress 115.6 24.7 8.3 1.6 1.8 3.32 0.321 
Nutrients: 
Control 120.3 23.6 10.9 1.4 2.6 3.29 0.298 
Ammonium 
phosphate 123.9 24.0 7.4 0.2 2.3 3.36 0.330 
^Date 1 (July 23) and date 2 (August 5). 
Table 25 (continued) 
Max. 
Plant Height (inches) LAI 
July 20 July 24 July 28 Aug.l Aug.4 Aug.7 Aug.12 
Dates^: 
1 69.0 75.2 78.5 86.8 89.3 90.8 90.7 2.89 
2 70.3 78.2 81.9 89.1 91.4 92.2 92.4 2.91 
Moisture 
Stress: 
Non-stress 69.0 77.2 80.4 88.5 90.8 92.2 92.0 2.98 
Stress 70.2 76.2 80.0 87.4 89.9 90.8 91.0 2.82 
Nutrients: 
Control 69.7 76.5 80.4 88.5 90.8 91.9 91.8 2.93 
Ammonium 
phosphate 69.6 76.9 80.0 87.4 89.9 91.1 91.3 2.88 
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first stress period was approximately 3.7%, while the yield reduction 
was approximately 16.5% during the second stress period. 
The nutrient spray treatments consisted of a control (water only) and 
a 5.5 pound per acre P (ammonium phosphate) foliar spray. The overall 
mean yield for check plots was 120.3 bushels per acre and 123.9 bushels 
per acre for the ammonium phosphate. This difference was not significant. 
The spray dates by nutrients interaction was significant. Mean yields 
for this relationship are presented in Table 27. For spray date 1 yields 
are slightly lower where an ammonium phosphate spray was applied, while 
for spray date 2 the yield is greater where ammonium phosphate was applied 
as a foliar spray. The reduction in yield for the first case was 2.3%, 
and the yield increase in the second case was 9.0%. 
Table 26. Mean grain yields in bushels per acre as affected by spray 
dates^ and moisture stress—average of nutrient sprays for 
Experiment 3 (Beach Avenue, 1969) 
Moisture stress Date 1 Date 2 
Non-stressed 129.4a 127.7a 
Stressed 124.6a 106.6b 
^Date 1 (July 23) and date 2 (August 5). 
^'Weans followed by same letter were not significantly different at 
5% level. 
The moisture stress by nutrients interaction was not significant. 
The lack of any effect is very evident as shown in Table 28. Yield 
increases from ammonium phosphate were 3.2% for non-stressed and 2.6% for 
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stress plots. 
Table 27. Mean grain yields in bushels per acre as affected by spray dates® 
and nutrient sprays—average of moisture stress regimes for 
Experiment 3 (Beach Avenue, 1969)^ 
Treatments Date 1 Date 2 
Control 128.5a 112.1b 
Ammonium phosphate 125.5a 122.2a 
^ate 1 (July 23) and date 2 (August 5) 
^Means followed by same letter were not significantly different at 5% 
level. 
Table 28. Mean grain yields in bushels per acre as affected by moisture 
stress and nutrient sprays—average of spray dates for 
Experiment 3 (Beach Avenue, 1969)^ 
Treatments Non-stressed Stressed 
Check 126.5a 114.1b 
Ammonium phosphate 130.6a 117.1b 
^eans followed by same letter were not significantly different at 
5% level. 
Percent kernel moisture Spray date 2 plants had a mean kernel 
moisture of 24.3% and spray date 1 plants had a mean moisture of 23.3%. 
This difference was significant. A highly significant relationship 
existed between moisture stress and kernel moisture. Non-stressed plants 
had a kernel moisture of 22.9%, while stressed plants had 24.7% moisture. 
The spray date by moisture stress interaction was significant and this 
data is presented in Table 29. The major factor would appear to be the 
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higher moisture percent associated with spray date 2 plants which 
were stressed. Plants stressed during the tassel-silk interval, which 
corresponds to spray date 2, produced grain with a higher moisture 
content at harvest. 
One of the more important interactions was that of moisture stress by 
treatments. It was not significant at the 5% level, but was significant 
at the 10% level. The date is presented in Table 30. When ammonium 
phosphate was foliar applied, there was a 1.3% increase in kernel 
moisture on the non-stressed plants and a 0.5% decrease on the stressed 
plants. 
Table 29. Mean percent kernel moisture as affected by spray dates^ 
3 (Beach Avenue, 1969) 
Moisture stress Date 1 Date 2 
Non-stressed 
Stressed 
23.4b 
23.1b 
22.2b 
26.3a 
^Date 1 (July 23) and date 2 (August 5). 
^Means followed by same letter were not significantly different 
at 5% level. 
Percent lodged stalks The only item which was significant was the 
nutrient effect. The check had 10.9% lodged stalks while the ammonium 
phosphate treatment had 7.4% lodged stalks. 
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Table 30. Mean percent kernel moisture as affected by moisture stress 
and nutrient sprays—average of spray dates for Experiment 
3 (Beach Avenue, 1969)® 
Treatments Non-stressed Stressed 
Control 22.2b 25.0a 
Ammonium phosphate 23.5ab 24.5a 
^eans followed by same letter were not significantly different at 
5% level. 
Percent silked plants For the first three counts, there was no 
significant difference for the two spray dates. In fact, there were 
slightly fewer plants silked for spray date 1. On count 3, there was a 
reversal, and by the fourth count, spray date 1 had a higher percent of 
plants silked. The difference was highly significant. Counts 5, 6, and 
7 also had a highly significant increase in number of plants silked for 
spray date 1. This information is presented in Figure 13, and it would 
appear that the above described reversal coincides with the time when 
the second stress was being imposed. 
When the effect of moisture stress is considered, there was no 
significant difference at the time of the first silk count, although the 
trend was in favor of the non-stressed plants. At the time of the second 
silk count, there was a significant difference in favor of the non-stressed 
plants. After the second count, all differences were highly significant; 
the non-stress plants had the highest percent of plants silked. From 
Figure 14, it appears that this delay in silking where stress was imposed 
coincides with the imposition of stress number 2 (August 1). 
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The interaction of spray dates and moisture stress is of importance 
in explaining the two relationships just discussed. The mean percent 
plants silked for the different days when counts were made, as related 
to spray dates and moisture stress, is presented in Table 31. For the 
first three counts (July 31, August 2 and August 4) the interaction is 
not significant. For these counts a rather consistent relationship 
between non-stress and stress exists, and spray dates appear not to be a 
factor. However, the interaction is statistically significant on the 
August 6 count, and it is highly significant for the counts on August 8, 
10 and 12. It seems clear that by this time, any lag in silking rate 
due to stress on the spray date 1 plants has disappeared while the delay 
in silking due to stress on the spray date 2 plants is quite evident. 
The rather dominant influence of stress during spray date 2 (tassel-silk 
interval) can be seen in spray dates and moisture stress treatments 
previously discussed. 
No relationship existed between nutrients and silking for any of the 
silk counts made. This lack of influence is illustrated in Figure 15. 
The interaction of moisture stress by nutrient spray treatments was 
significant at the 5% level for the August 6 and 8 counts and at the 10% 
level for the August 10 count. This data is presented in Table 32; from 
this it appears that under moisture stress, silking was delayed where the 
ammonium phosphate spray was not applied. Under non-stress conditions, 
there was a tendency for the reverse to be true. On the days when the 
interaction was significant, it appears that the percent plants silked 
lagged by about two days under stress conditions where no phosphorus was 
applied. 
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Table 31. Mean percent plants silked on dates of silk counts as affected 
by spray dates^ and moisture stress—average of nutrient sprays 
for Experiment 3 (Beach Avenue, 1969)^ 
Silk counts Date 1 Date 2 
(date) Non-stress Stress Non-stress Stress 
July 31 13. 6 7, .5 13. 4 11, .4 
August 2 38. 5 24, .5 40. 5 31, .2 
August 4 70. 1 54, .6 69. 6 48. 9 
August 6 88. 7a 84, .7a 88. 7a 62. Ob 
August 8 93. ,2a 94. 4a 94. ,5a 68. 5b 
August 10 96. ,2a 98. la 98. Oa 78. 5b 
August 12 99. , 6a 99. ,6a 99. ,6a 89. ,4b 
^Date 1 (July 23) and date 2 (August 5). 
^Means followed by same letter within a silk count date, not signifi­
cantly different at 5% level. Duncan's test run only on mean with a 
significant F-test. 
Percent leaf nitrogen The only main effect or interaction which 
was significant was spray dates. Spray date 1 had a mean leaf nitrogen 
content of 3.42% and the level was 3.23% for spray date 2. 
Percent leaf phosphorus The mean leaf phosphorus level for spray 
date 1 was 0.308% and for spray date 2 it was 0.320%. This difference 
was significant. 
A highly significant response to the ammonium phosphate spray was 
achieved. The check treatment had a mean leaf phosphorus level of 0.298% 
while it was 0.313% for the ammonium phosphate treatment. A highly 
significant interaction of spray dates by nutrients also occurred. This 
data is presented in Table 33. While the phosphorus level in leaves 
tended downward for the check for spray date 2, the level was sharply 
upward for the ammonium phosphate treatment on spray date 2. A very 
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similar relationship appears to have existed between moisture stress and 
nutrients as they influence leaf phosphorus. This relationship is 
presented in Table 34. The moisture stress by nutrients interaction vas 
significant at the 10% level. 
Table 32. Mean percent plants silked on dates of silk counts as affected 
by moisture stress and nutrient sprays—average of spray 
dates for Experiment 3 (Beach Avenue, 1969)^ 
Non-stress Stress 
Silk counts Aimnonium Ammonium 
(dates) Control phosphate Control phosphate 
July 31 11, .5 15 .5 8 .1 10.7 
August 2 38. 9 40 .1 26 .9 28.9 
August 4 72. 5 67 .2 51 .1 52.4 
August 6 90. 9a 86 .6a 67 .Ob 79.7a 
August 8 96. 2a 91 .5a 76 .2b 86.6a 
August 10 99. 1 96 .1 85 .0 91.6 
August 12 100. ,0 99 .2 100 .0 99.2 
^eans followed by same letter, within a silk count date, not 
significantly different at 5% level. Duncan^s test run only on means with 
a significant F-test. 
Table 33. Mean percent leaf phosphorus.as affected by spray dates^ and 
nutrient sprays—average of moisture stress conditions for 
Experiment 3 (Beach Avenue, 1969) 
Date Control Ammonium phosphate 
1 0.302bc 0.314b 
2 0.294c 0.356a 
^Date 1 (July 23) and date 2 (August 5). 
^Means followed by same letter were not significantly different at 
5Z level. 
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Plant height The plant height on July 28 and August 4 was 
statistically greater in favor of the second spray date. Spray date 2 
increased plant height on all sampling dates. There was no significance 
for either moisture stress or nutrient treatments. 
Table 34. Mean percent leaf phosphorus as affected by moisture stress 
and nutrient sprays—average of spray dates for Experiment 3 
(Beach Avenue, 1969)^ 
Moisture stress Control Ammonium phosphate 
Non-stress 0.298c 0.317b 
Stress 0.300bc 0.342a 
^eans followed by same letter were not significantly different at 
5% level. 
The spray date by moisture stress interaction was highly significant 
on July 24, July 28 and August 1. Table 35 includes data for all dates 
on which measurements were made. From this table it can be seen that 
stressed plants on the above days were shorter for date 1 treatments, 
while those for spray date 2 tend to be taller when stressed. As 
stress number 2 does not begin until August 1, the greater height for 
spray date 2 stress plots is simply a chance difference. As final plant 
height had almost been achieved by the time stress 2 was imposed, it 
appears to only bring final height for spray date 2 plots to a common 
level by August 12. However, moisture stress while the plants were still 
in a vegetative stage (spray date 1) reduced plant height by as much as 
five Inches for a few days, but there was then enough growth compensation 
so that final height was only two inches less for stressed plants. 
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Table 35. Mean plant height in inches on different dates as affected by 
spray dates* and moisture s tress—average of nutrient sprays 
for Experiment 3 (Beach Avenue, 1969)^ 
Height measurements Date 1 Date 2 
(date) Non-stress Stress Non-stress Stress 
July 20 69, .0 69. 0 69 .1 71 .2 
July 24 77. 9a 72. 5b 76 .5a 79, .9a 
July 28 80. 5ab 76. 5c 80 .2b 83. 5a 
August 1 89. 3a 84. 3b 87 .7a 90, .5a 
August 4 90. 5 87. 9 90 .9 91. 9 
August 7 . 92. 0 89, .5 92 .3 92. 1 
August 12 91. ,7 89. ,7 92 .4 92. 4 
^Date 1 (July 23) and date 2 (August 5). 
^Means followed by same letter, within a height measurement date, 
not significantly different at 5% level. Duncan's test run only on 
means with a significant F-test. 
Leaf area index The measurements taken on August 15 were assumed 
to be the maximum LAI. None of the main effects or interactions were 
significant at the 5% level. However, the F-value for moisture stress 
was significant at the 10% level and was just short of the value needed 
for significance at the 5% level. Non-stressed plants had a mean L&I 
of 2.98 and stressed plants had a mean of 2.82. 
To study the Influence of moisture stress and nutrients on LAX during 
the vegetative and reproductive stages (this corresponded to the spray 
dates 1 and 2 designations), LAI measurements on different days for each 
stage were made. Measurements started about the time stress was imposed 
and continued until several days after stress bad been relieved. The 
analysis of variance and mean values for these measurements are presented 
in Tables 36 and 37. 
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Table 36. Analysis of variance for leaf area ^ dex. 
Experiment 3 (Beach Avenue, 1969)** 
Mean squares from 
Source d.f.- Leaf Area Index Vegetative stage 
July 22 July 28 Aug. 4 
Reproductive stage 
Aug. 1 Aug. 7 Aug. 15 
B (Blocks 3 0.0010 0.0364 0.0117 0.0446 0.0416 0.0124 
S (Stress) 1 0.0030 0.0600 0.0729 0.0176 0.3306* 0.2233 
N (Nutrients) 1 0.3080* 0.0992 0.1296 0.0053 0.0036 0.0189 
S X N 1 0.0090 0.0009 0.0009 0.0068 0.0020 0.0452 
Error 9 0.0350 0.0631 0.0595 0.0335 0.0565 0.0500 
Total 12 
A single asterisk (*) indicates F-test significant at 5% level. 
A double asterisk (**) indicates F-test significant at 10% level. 
Table 37. Mean LAI values as recorded for two stages of plant development 
in Experiment 3 (Beach Avenue, 1969) 
Leaf Area Index 
Vegetative stage Reproductive stage 
July 22 July 28 Aug. 4 Aug. 1 Aug. 7 Aug. 15 
Moisture stress: 
Non-stress 
Stress 
Nutrients : 
Control 
Ammonium 
phosphate 
2.48 2.85 
2.45 2.72 
2.60 2.86 
2.32 2.71 
3.02 3.10 
2.89 3.16 
3.05 3.11 
2.87 3.15 
3.08 3.03 
2.79 2.80 
2.92 2.88 
2.95 2.95 
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Although in both stages, LAI values for stressed plants trended below 
non-stressed plants soon after stress was imposed, the only value which 
was significantly lower was that on August 7. This was during the 
reproductive stage; the stressed LAI was 2.79 compared to a non-stressed 
value of 3.08. 
Nutrient sprays appeared to be of little consequence. The LAI for 
the ammonium phosphate treatment was significantly lower than for the 
control on the July 22 measurement. As the nutrient spray was applied 
after the LAI measurement, this difference must be attributed to chance. 
None of the main effects or interactions for percent barren stalks 
or percent dropped ears were significant. 
1970 Experiments 
Growing conditions during 1970 were not as favorable as 1968 or 1969 
at the Agronomy Farm. Although the total rainfall from May through 
September was 5.60 inches above normal, the distribution was not good. 
June had below normal rainfall and prior to July 27, only 1.30 inches 
fell in July. This, combined with many days when the temperature was 9(f F 
or above, produced visible plant wilting as early as June 29. By July 6, 
plants had essentially stopped growing in height. 
Plants were visibly wilted on the first spray date which was July 9. 
There was also some visible wilting on July 21 which was the second spray 
date. Stress existed until 1.05 inches of rain fell on July 27. The 
last spray was applied on August 5 following 2.51 inches of rain the day 
before; thus no moisture stress existed. 
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1970 was a year of very severe moisture stress at the Moody Experi­
mental Farm. May through September rainfall was 6.26 inches below normal. 
During the last half of July and for the entire month of August, the 
total rainfall was only 0.49 inch. Subsoil moisture was also low at the 
start of the growing season. 
Although the plants were somewhat shorter than normal, plants were 
not visibly wilted on the first spray date, July 16. However, by the 
second spray date, July 31, the plants were very severely wilted. 
Weather data for the 1970 growing season at the Agronomy Farm and at 
the Moody Experimental Farm are presented in Tables 55, 56 and 58 in 
the Appendix. Stress-day data are in Tables 57 and 59 in the Appendix. 
Experiment 4 
This experiment was conducted at the Agronon^ Farm. Some lower leaf 
disease symptoms were noted on approximately July 1, but these did not 
develop further until the area became severely infected in August. The 
initial development of severe leaf lesions due to Helmlnthosporium maydis 
(Race T) occurred over a period of only about a week. By August 17, 
the lower leaves were badly infected. On August 25 about 90 to 100% of 
the leaf area below the ear was destroyed and 10 to 20% of that above the 
ear was covered by lesions. The disease was uniformly distributed over 
the entire experimental area. Appendix Figure 18 shows typical leaf 
blight symptoms. 
The analysis of variance for all plant characteristics measured in 
Experiment 4 are presented in Table 38. Mean values for these same 
characteristics are presented in Table 39. 
Table 38. Analysis of variance for plant characteristics measured. Mean squares given for each 
characteristic from Experiment 4 (Agronomy Farm, 1970)* 
Source d.f. Percent 
Grain Kernel , Lodged Barren Dropped Leaf 
Yield Moisture Stalks Stalks Ears Phosphorus 
B (Blocks 5 393.54* 4.9162* 685.88 151.12 98.37 21.27** 
SF (Soil Fert.) 1 271.70 11.9948* 68.90 102.82 20.41 29.46** 
Error (a)^ 5 60.83 0.9431 350.54 68.96 57.00 0.61 
D (Dates) 2 67.50 0.9187 159.78 75.38 102.95 460.48** 
N (Nutrients) 2 71.58 1.9263 67.75 141.58 9.26 1134.03** 
SF X D 2 1.76 0.2032 154.90 21.07 7.94 1.62 
SF X N 2 6.51 0.9837 10.04 68.43 66.64 4.36 
D X N 4 30.00 2.2999 42.29 10.50 22.05 55.07** 
SF X D X N 4 19.96 2.7892 67.42 48.06 58.25 8.54 
Error (b)^ 80 42.11 1.1018 117.71 51.45 42.78 6.62 
®A single asterisk (*) indicates F-test significant at 5% level. A double asterisk (**) 
indicates F-test significant at 1% level. 
^All percent data in this table is presented as transformed data. 
^Grain yield C.V. (a) = 7.9% and C.V. (b) = 6.5%. 
Table 38 (continued) 
Source d.f. Percent silked 
July 22 July 24 July 26 July 29 
B (Blocks) 5 487.07* 465.67 466.60** 73.14 
SF (Soil Fert.) 1 1177.20* 1639.68* 52.61 143.56 
Error (a)^ 5 80.69 129.18 29.36 144.50 
D (Date») 2 82.07 48.06 50.59 230.67 
N (Nutrients) 2 30.40 133.54 181.34 221.80 
SF X D 2 63.05 23.27 27.24 88.01 
SF X N 2 44.60 8.70 6.47 104.71 
D X N 4 75.91 66.62 60.50 115.17 
SF X D X N 4 123.45 303.05* 71.73 21.67 
Error (b)^ 80 89.18 91.34 75.47 54.64 
Table 39. Mean values of plant characteristics for Experiment 4 (Agronomy Farm, 1970) 
Grain Percent 
Yield Kernel Lodged Barren Dropped Silked Silked Silked Silked Leaf 
(bu/a) Moisture Stalks Stalks Ears July 22 July 24 July 26 July 29 Phospho 
Soil fertility! 
Control 100.9 18.3 33.3 4.2 2.3 27.6 53.0 71.1 92.1 0.351 
Phosphorus 
(33 lbs) 97.7 17.8 31.7 4.6 2.2 33.6 60.5 72.3 90.6 0.361 
Dates*: 
1 97.7 17.9 31.1 5.1 2.1 30.2 55.8 70.3 90.5 0.358 
2 99.7 18.2 34.7 3.8 1.9 29.6 58.0 72.6 92.8 0.389 
3 100.4 18.1 31.6 4.3 2.7 32.1 56.6 72.2 90.6 0.320 
Nutrients : 
Control 100.2 18.2 33.8 4.1 2.3 29.9 55.8 70.4 92.0 0.300 
Phosphorus 
(5.5 lbs) 100.0 17.9 31.7 4.1 2.3 31.5 58.0 74.1 92.3 0.360 
Phosphorus 
(8.2 lbs) 97.7 18.1 31.9 5.1 2.1 30.6 56.6 70.6 89.6 0.407 
*Date 1 (July 9), date 2 (July 21) and date 3 (August 5). 
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Grain yield No main effect or interaction was statistically 
significant at the 5% level. At the 10% level, there was a significant 
reduction in yield where 33 pounds per acre of phosphorus was added 
to the soil. Where no phosphorus was applied to the soil, the overall 
yield was 100.9 bushels and where phosphorus was added to the soil, the 
yield was 97.7 bushels per acre. There was no positive yield response 
to the nutrient spray treatments in this experiment; xsi fact, the yields 
trended downward. 
Percent kernel moisture Soil fertility did influence harvest 
kernel moisture. The mean kernel moisture where no extra phosphorus 
was added vas 18.3% and it was 17.8% where 33 pounds of phosphorus was 
added to the soil. No other main effect or interaction was significant. 
Percent silked plants For the first two silk counts, the 33 
pounds per acre of soil applied phosphorus produced a significantly 
higher percentage of silked plants. Count 1 found 27.6% of the plants 
silked without soil applied phosphorus and 33.6% with. Count 2 (2 days 
later) results were 53.0% and 60.5% plants silked, again a higher 
percent where extra phosphorus was soil applied. This difference no 
longer existed when counts 3 and 4 were made. 
Percent leaf phosphorus The overall mean for leaf phosphorus where 
no phosphorus was soil applied was 0.351%, and where 33 pounds phosphorus 
per acre was applied it was 0.361%. This difference was highly 
significant. 
Spray dates were also highly significant. This data is presented in 
Table 40. Each date was significantly different than every other date. 
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Nutrient spray effects were also highly significant. Nutrient means 
are presented in Table 41. Each nutrient treatment was significantly 
different than every other nutrient treatment. The higher ammonium 
phosphate treatment produced levels 35.7% over the control. 
Table 40. Mean percent leaf phosphorus as affected by spray dates^— 
average of soil fertilijty and nutrient sprays for Experiment 
4 (Agronomy Farm, 1970) 
Dates 
1 2 3 
0.358b 0.389a 0.320c 
^Date 1 (July 9), date 2 (July 21) and date 3 (August 5). 
•Jj -
Means followed by same letters were not significantly different 
at 5% level. 
The date by nutrient interaction was highly significant. This data 
is illustrated in Figure 16. The pattern of leaf phosphorus is the 
same for all 3 dates; however, the magnitude of the response for the 
higher phosphorus spray treatment in date 3 is much less than in the 
case of date 1 and date 2. 
None of the main effects or interactions for percent lodged stalks, 
percent barren stalks or percent dropped ears were significant. 
Experiment 5 
This experiment was located adjacent to Experiment 4; thus weather 
and disease conditions were identical. These were discussed in Experiment 
4. 
The analysis of variance for the various plant characteristics 
measured is presented in Table 42. Means for the various treatments are 
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Figure 16. The effect of spray dates and nutrients on percent leaf 
phosphorus for Experiment 4 (Agronomy Farm, 1970) 
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Table 41. Mean percent leaf phosphorus as affected by nutrient sprays— 
average of soil fertility and spray dates for Experiment 4 
(Agronomy Farm, 1970)^ 
Ammonium phosphate Ammonium phosphate Control 
(8.2 Lbs/A-P) (5.5 Lbs/A-P) 
0.407a 0.360b 0.300c 
^Means followed by same letters were not significantly different at 
5% level. 
presented in Table 43. The treatment effects were not significant for 
grain yield, percent kernel moisture, percent lodged stalks, percent 
barren stalks, percent plants silked or percent leaf phosphorus. Grain 
yields were 113.9 bushels per acre for the low pH solution treatment 
(pH 3.0) and 116.3 bushels per acre for the higher pH solution treat­
ment (pH 4.5). 
Experiment 6 
The weather conditions for this experiment which was conducted at 
the Moody Experimental Farm in northwest Iowa were discussed earlier in 
detail. In general, moisture was seriously lacking for much of the 
growing season. The disease problem, Heiminthosporium maydis (Race T), 
which affected the experiments at the Agronomy Farm was not present at 
this location. 
The analysis of variance for all plant characteristics measured in 
Experiment 6 are presented in Table 44. Mean values for these same 
characteristics are presented in Table 45. 
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Table 42. Analysis of variance for plant characteristics measured. 
Mean squares given for each characteristic from Experiment 
5 (Agronomy Farm, 1970)* 
Source d.f. Percent Grain Kernel Lodged Barren Silked Leaf 
Yield Moisture Stalks Stalks July 26 Phosphorus 
Treatments 
Error^ 
Total 
1 0.37 
10 85.18 
11 
0.3584 
0.9485 
1.86 
86.98 
8.64 
68.44 
200.80 
84.17 
3.88 
4.92 
^A single asterisk (*) indicates F-test significance at 5% level. 
A double asterisk (**) indicates F-test significance at 1% level. 
^All percent data in this table is presented as transformed data. 
^Grain yield C.V. = 7.9%. 
Table 43. Mean values of plant characteristics for Experiment 5 (Agronomy 
Farm, 1970) 
Percent 
Grain Kernel Lodged Barren Silked Leaf 
Yield Moisture Stalks Stalks July 26 Phosphorus 
(bu/a) 
Treatments: 
Low pH^ 115.9 18.6 35.1 5.7 77.5 0.388 
High pH 116.3 18.9 34.2 5.7 70.5 0.377 
^Low pH solution = 3.0 and high pH solution = 4.5. 
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Grain yield As spray dates are significant, the mean yields for 
the two spray dates are of interest. In this experiment, spray date 1 
(two weeks prior to tassel-silk interval) did not exist, but instead 
there were only dates 2 (tassel-silk interval) and 3 (two weeks after 
tassel-silk interval). Date 2 had an average yield of 25.2 bushels per 
acre while the yield for date 3 was 17.0 bushels per acre. 
The nutrient sprays on a per acre basis consisted of a check, 5.5 
pounds phosphorus as ammonium phosphate, a mixture consisting of 10 
pounds nitrogen as urea and 5.5 pounds phosphorus, and a 10 pound 
nitrogen treatment. The overall yields for these treatments was 18.6, 
22.5, 21.9, and 21.4 bushels per acre, respectively. None of these 
differences were statistically significant. 
Percent kernel moisture None of the main effects or interactions 
had a significant effect at the 5% level on kernel moisture. Date 3 
plots had a mean kernel moisture or 24.5% and date 2 plots had 23.3% 
kernel moisture. This difference was significant at the 10% level. 
Percent barren stalks Spray dates had a highly significant effect 
on the percent barren stalks. The mean for all date 2 plots was 28.6% 
barren stalks, and for date 3, it was 42.7% barren stalks. 
Percent silked plants None of the main effects or interactions 
were significant at the 5% level. For the first count, which was made 
on July 16, the nutrients effect was significant at the 10% level. This 
data is presented in Table 46. At the 5% level, the ammonium phosphate-
urea mixture had significantly more plants silked than did the check or 
urea treatments. As pointed out by Steele and Torrie (1960), a 
significant F-test at the 5% level is not a prerequisite for possible 
Table 44. Analysis of variance for plant characteristics measured. Mean squares given for each 
characteristic from Experiment 6 (Moody Experimental Farm, 1970) 
Source d.f. Grain Kernel . Lodged Barren Dropped Leaf Leaf 
Yield Moisture Stalks Stalks Ears Nitrogen Phosphorus 
B (Blocks) 3 278.49* 9.3203 26.86 910.27* 25.59 0.0773 4.87 
D (Dates) 1 542.03* 17.6705 10.33 2169.61** 226.47 37.6481** 440.35** 
N (Nutrients) 3 23.47 4.7487 93.99 99.13 128.68 0.2382 243.26** 
D X N 3 107.08 2.4846 124.67 293.69 32.97 0.1397 15.19 
Error 21 84.15 4.4791 84.39 234.08 126.45 0.1154 5.18 
Total 31 
®A single asterisk (*) indicates F-test significant at 5% level. A double asterisk (**) indicates 
F-test significant at 1% level. 
^All percent data in this table is presented as transformed data. 
Grain yield C.V. = 43.5%. 
Table 44 (continued) 
_ . m Percent silked 
a.t. July 16 July 18 July 20 July 22 
B (Blocks) 3 45.67 
D (Dates) 1 37.68 
N (Nutrients) 3 770.31 
D X N 3 61.35 
E r r o r 2 1  2 6 5 . 1 0  
Total 31 
25.18 124.01 122.19 
105.35 3.82 9.25 
516.59 190.93 158.55 
450.15 226.17 331.10 
353.41 269.91 179.75 
Table 45, Mean values of plant characteristics for Experiment 6 (Moody Experimental Farm, 1970) 
Grain Percent 
Yield Kernel Lodged Barren Dropped Silked Silked Silked Silked Leaf Leaf 
(bu/a) Moisture Stalks Stalks Ears July 16 July 18 July 20 July 22 N P 
Dates*: 
2 25.2 23.3 1.8 28.6 3.5 33.8 61.1 87.9 93.5 2.63 0.299 
3 17.0 24.5 1.8 42.7 1.9 31.6 57.7 86.1 93.7 1.98 0.234 
Nutrients: 
Control 18.6 24.8 2.4 37.1 1.4 28.1 53.4 83.9 92.5 2.23 0.224 
Phos- 22.5 23.9 1.2 37.1 4.0 31.4 59.1 88.7 94.1 2.31 0.299 
phorus 
Nitrogen- 21.9 23.6 2.6 30.8 3.0 45.6 70.2 90.4 94.9 2.33 0.317 
phosphorus 
Nitrogen 21.4 23.3 1.0 37.7 2.5 25.7 54.9 85.1 92.9 2.35 0.227 
*Date 2 (July 16) and date 3 (July 31). 
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significance with a Duncan's test. 
Table 46. Mean percent plants silked on July 16 as affected by nutrient 
sprays—average of spray dates for Experiment 6 (Moody 
Experimental Farm, 1970)^ 
Phosphate-urea Phosphate Control Urea 
45.6a 31.4ab 28.1b 25.7b 
^Means followed by same letters were not significantly different 
at 5% level. 
Percent leaf nitrogen The F-test for percent leaf nitrogen was 
significant for dates. The mean for all date 2 plots was 2.63% leaf 
nitrogen and for all date 3 plots, it was only 1.98% nitrogen. When 
date 3 leaf samples were taken, the drought had already produced leaf 
deterioration. 
Percent leaf phosphorus Both J-ites and nutrients were highly 
significant. Date 2 leaf samples contained 0.299% leaf phosphorus 
while date 3 leaf samples contained only 0.234% phosphorus. 
Nutrient means are presented in Table 47. The ammonium phosphate-
area mixture and the anTmoniinn phosphate treatments were significantly 
higher in leaf phosphorus than the urea and check treatments. 
The date by nutrient interaction was not significant at the 5% level, 
but it was significant at the 10% level. This data is illustrated in 
Figure 17. It appears that leaf phosphorus levels for the urea treat­
ment fell proportionatly more on date 3 compared to date 2, while the 
ammonium phosphate and ammonium phosphate-urea treatments on a percent 
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difference basis are even greater than the control on spray date 3. 
None of the main effects or interactions for percent lodged stalks 
or percent dropped ears were significant. 
Table 47. Mean percent leaf phosphorus as affected by nutrient sprays— 
average of spray dates for Experiment 6 (Moody Experimental 
Farm, 1970)^ 
Phosphate-urea Phosphate Control Urea 
0.317a 0.299a 0.227b 0.224b 
M^eaas followed by same letters were not significantly different at 
5% level. 
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Figure 17. The effect of spray dates and nutrients on percent leaf 
phosphorus for Experiment 6 (Moody Experimental Farm, 1970) 
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DISCUSSION 
The uptake anH translocation of foliar applied nutrients has been 
demonstrated by many authors, working both in the laboratory and in the 
field. Some even feel that all of a plant's nutrients could be supplied 
through the foliage (Wittwer, 1959). Many researchers have been able to 
prevent or correct micronutrient deficiencies in horticultural crops 
and some have even achieved yield increases under field conditions 
(Gilbert, 1946; and Labanauskas and Puffer, 1964). Sizeable yield 
increases from iron sprays applied to grain sorghum were reported by 
Withee and Carlson (1959) and from urea on wheat (Finney et al., 1957). 
Foy et al. (1953) achieved yield increases in corn from foliar applica­
tion of urea. The list of verified and published instances of yield 
increases from nitrogen, phosphorus or potassium, applied as a foliar 
treatment to com, is not a large one and failures have been reported 
(Shubeck and Caldwell, 1949; Mederski and Vblk, 1956). 
The purpose of this study was to determine the influence foliar 
applications of nitrogen and phosphorus would have on com yields and 
leaf contents of these nutrients. Unlike earlier work in which the goal 
was to compare with or replace some soil applied nutrients with foliar 
applications, the goal of this study was to use adequate soil fertility 
and then supplement it with foliar applications at or near the critical 
tasseling and silking stages. It was theorized that foliar applications 
of nutrients, especially phosphorus, may have special value during 
seasons when surface soil moisture becomes limiting, as many workers 
have reported that this will limit nutrient availability to roots 
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regardless of the fertility level of the surface soil (Eck and Fanning, 
1961; 01sen et al., 1961; Voss, 1962; and Dumenil and George, 1968). 
Five of the experiments conducted measured the influence of various 
foliar sprays on grain yield as compared to a control. Only in 
Experiment 1 did a nutrient spray increase yields significantly over the 
control. The ammonium phosphate treatment increased yields by 4.5 
bushels per acre over the control. This represents a 3.3% yield increase. 
The urea and calcium phosphate treatments produced non-significant yield 
increases of 1.9 and 1.8 bushels per acre respectively. The higher 
population (22,000 plants per acre) produced a significant yield increase 
of 11.1 bushels per acre over the 16,000 population. Spray dates did 
not give a varying yield response. Spray date 2, which represents the 
critical tassel-silk interval did not produce yields statistically 
superior to sprays at earlier or later stages. The spray date by spray 
rate interaction was highly significant. For spray dates 1 and 2, the 
lower rate gave higher yields; however, on spray date 3, the higher 
application rate was superior. No explanation for this interaction is 
given. 
A highly significant difference in yields also resulted from different 
nutrient sprays in Experiment 2. However, in this case the ammonium 
phosphate was significantly better than the urea treatment but not better 
than the control. The ammonium phosphate treatment yield exceeded the 
control by 3.2 bushels per acre or 2.4%. Figure 10 shows that the yields 
for spray date 4 for both urea and ammoniiTm phosphate were below the 
control. Spray date 4 represents three sprays and three times as much 
chemical on each experimental unit. Visual leaf injury on spray date 4 
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plots was very obvious for the urea treatments and slight injury could 
also be seen with ammonium phosphate. Spray date 4 yields, including 
both the control and chemical treatments was from about five to five and 
one-half bushels per acre lower than spray dates 1, 2, and 3. This 
difference was significant. When compared to the average of the first 
three spray dates, which received only a single 18 pound per acre 
nitrogen spray, yields for spray date 4, which received three 18 pound 
per acre nitrogen sprays, were reduced by nearly 10 bushels per acre. 
Even more important may be the nearly 7 bushel per acre reduction for the 
ammonium phosphate treatment for date 4. If it were not for the 
reduction in yield due to spray date 4, the overall ammonium phosphate 
treatment may have been significantly greater than the control 
yield. 
With the exception of date 4, the mean yields for spray dates 1, 2 
and 3 were 134.9, 134.7 and 134.2 bushels per acre, respectively. Even 
more than in Experiment 1, there was no evidence to indicate that sprays 
at any one stage were more important than any other. A later discussion 
about rate of silking will further support this point. 
Experiment 3 did not have a significant yield increase for the 
ammonium phosphate spray when compared to the control. The ammonium 
phosphate yield was 123.9 bushels per acre while the control yield was 
120.3 bushels per acre. Mean yield for stressed plants was 113.6 bushels 
per acre and for non-stressed plants it was 128.5 bushels per acre. The 
influence of stress during the reproductive stage, which corresponds to 
the spray date 2 was much more severe than during the vegetative stage, 
which corresponds to the spray date 1 separation. The spray dates by 
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moisture stress interaction was highly significant. Stress yields were 
21.1 bushels per acre lower than non-stress for spray date 2 (reproductive 
stage). During spray date 1 (vegetative stage) a similar degree of stress 
lowered yields by only 4.8 bushels per acre. A similar observation has 
been made by Denmead and Shaw, 1962; Barnes, 1966; and Vincent, 1968. 
Spray date 2 yields were a significant 9.8 bushels per acre lower 
than those for spray date 1. As should be evident from the above 
discussion, reduced yields from stress plots had a major influence in 
lowering spray date 2 yields. 
The spray dates by nutrient sprays interaction was significant. 
While yields were 3.0 bushels per acre lower than the control for the 
ammonium phosphate treatment applied on spray date 1, there was a 10.1 
bushel per acre increase for ammonium phosphate on spray date 2. This 
would seem to indicate a response for spray date 2. Leaf phosphorus 
levels also indicate a greater increase in the amount of leaf phosphorus 
for ammonium phosphate treatments over the control on spray date 2 than 
for spray date 1. Contrary to the theory that a foliar spray would 
produce yield increases under moisture stress conditions, the moisture 
stress by nutrient spray interaction was not significant. Yield increase 
trends for the ammonium phosphate spray over the control were 3.2% under 
non-stress condlùiûiià and 2.6% under stress conditions^ 
Experiment 4 was designed to study the influence of foliar phosphorus 
applications under two levels of soil fertility. In one case, no fertilizer 
phosphorus was soil applied and in the other 33 pounds of phosphorus was 
disked into the soil. The 1970 growing season was not like 1968 and 1969 
in that rather severe moisture stress occurred in June and July and very 
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little in August. Both 1968 and 1969 were good growing seasons in that 
whatever stress that did occur tended to be in August. No indication of 
any yield response to a foliar phosphorus spray was detected. Although 
not significant, the 5.5 pound per acre phosphorus spray gave a yield 
0.2 bushel below the control and the 8.8 pound per acre phosphorus spray 
produced yields 2.5 bushels per acre below the control. The 33 pound 
per acre soil phosphorus application produced yields 3.2 bushels per 
acre below the control and this reduction was significant at the 10% 
level. Some visible leaf injury with the higher rate of nutrient spray 
was observed and this may have contributed to the downward yield trend. 
Why yields should trend downward for the soil application of phosphorus 
fertilizer isn't clear. Once again under a moisture stress environment, 
foliar applied nutrients did not show any yield advantage. 
Using data collected since 1954, Shaw and Felch (1971) report that 
based on their moisture stress index, 1970 at the Moody Experimental Farm 
had the highest stress index of any site they have studied. Experiment 6 
was conducted in this environment and yields were very low. Control 
yields were 18.6 bushels per acre. Yields for three different nutrient 
sprays trended three to four bushels per acre higher than the control but 
were not statistically significant. Under conditions of extreme drought, 
plot vsristicn vas very high; the coefficient of variation for yield was 
43.5%. The average yield for spray date 2 was 8.2 bushels per acre 
greater than for spray date 3, and this difference was statistically 
significant. The date by nutrient interaction was not significant. The 
significantly greater yield for spray date 2 was likely due to chance, 
unless the 70 gallons per acre of water which was a part of each spray 
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treatment had a positive effect on spray date 2 and not on spray date 3. 
This seems very unlikely. 
The possible relationship between moisture stress and leaf levels of 
the various nutrients will be discussed later; however, it seems worth 
making a comparison between the degree of moisture stress and possible 
yield response to foliar nutrient applications at the time. Only in 
Experiment 1 was a significant yield response to a foliar spray achieved. 
There is also a good possibility that a yield response existed in 
Experiments 2 and 3. In all cases the highest yields were achieved with 
an ammonium phosphate spray. No yield response to any nutrient spray 
occurred in Experiments 4 and 6. No overall response was measured in 
Experiment 3; however, the spray dates by nutrients interaction indicated 
a possible response during spray date 2. As evidenced by rainfall, 
temperature and moisture stress index data presented in the Appendix, 
Experiments 1 and 2 were conducted in very favorable environments of 
minimal stress. Experiments 4 and especially 6 were in environments 
of more severe moisture stress. Experiment 3 was conducted under more 
controlled environmental conditions. Although differences were not 
significant, the percent yield increase from the ammonium phosphate 
spray was greater under the non-stress conditions than for stress 
conditions. Under the conditions of less favorable moisture supply, 
no yield advantage for the foliar applications of nutrients existed. 
A significant Increase in kernel moisture of 0.3% for the 22,000 
plant population in comparison with the 16,000 population was noted in 
Experiment 1. In that same experiment the kernel moisture was 
significantly higher for the ammonium phosphate and control treatments in 
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- comparison to the urea treatment. The urea treatments also produced the 
lowest kernel moisture and the control the highest in Experiment 2. This 
difference was significant only at the 10% level. Although not 
significantly different the control had the highest kernel moisture in 
Experiments 4 and 6 also. It gave a slightly drier kernel moisture level 
in Experiment 3. No overall influence of foliar sprays on harvest kernel 
moisture vas noted. 
The influence of foliar nutrient applications on percent barren stalks 
was studied in each experiment. It was theorized that a small amount of 
added nutrition at a critical time in the development of potential ears 
may decrease barrenness. The only indication of this happening in any 
of the experiment was in Experiment 1. At the low population (16,000 
plants per acre) there were reduced levels of barren stalks for the urea, 
ammonium phosphate and calcium phosphate treatments in comparison to the 
control. At the high population (22,000 plants per acre) these chemicals 
had very little influence. In experiments which had higher levels of 
barrennesss, there was no indication that foliar nutrient applications 
had any influence. In Experiment 6, spray date 2 had 28.6% barren stalks 
and spray date 3 had 42.7% barren stalks. This difference was highly 
significant, but the author believes this difference was caused by a 
couple of date 2 plots which happened to be in an area with a slightly 
better soil moisture reserve, and that this biased the date 2 average 
downward. This is strictly an observation as no soil moisture measure­
ments were made. 
No relationship between the treatments and percent dropped ears was 
found in any of the experiments. 
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Improved nutrition, especially in the case of phosphorus, is normally 
believed to help prevent delayed plant maturity (Caldwell and Ohlrogge, 
1965,). As delayed silking is often used as a measure of delayed maturity 
silk counts were made to evaluate the influence of different nutrient 
treatments. This delayed silking rate is important because it is often 
associated with increased barren stalks, poorer ear filling and ultimate­
ly with lower yields (Woolley et al., 1962). 
In Experiment 1 there was no indication of any nutrient influence on 
the percent of plants silked until the final count, which was made on 
July 31. On that date, 92.0% of the ammonium phosphate and 90.6% of the 
urea treated plants were silked which was significantly more than the 
87.3% of the control plants which were silked. The ammonium phosphate 
total was also significantly greater than the 89.1% total for the calcium 
phosphate treatment. A significant interaction of spray dates by nutrients 
for silk count 2 (July 28) is illustrated in Figure 8. The calcium 
phosphate treatment had a higher percent plants silked for spray date 1 
while the other nutrients had a higher percent plants silked for spray 
date 2. Why this should occur is not known. On all three silk counts, 
the lower plant population (16,000) had a highly significant increase in 
percent plants silked in comparison to the higher population (22,000). 
The differences were 15.8%, 25.0% and 9.9% for counts 1, 2 and 3, 
respectively. This is to be expected as higher populations often delay 
silking. 
No influence of treatments on silking was noted in Experiment 2. The 
percent barren stalks and delays in silking were very minimal at the 
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Agronomy Farm in 1969. A very low stress index for the season and 
almost none for the period prior to silking can be noted in Appendix 
Table 51. No significant change in the percent plants silked due to a 
nutrient spray was noted for Experiments 3, 4, 5 and 6. 
In Experiment 3 prior to stress 2 there was a tendency for a higher 
percent of spray date 1 plants compared to spray date 2 to be silked. 
However, by the third day of stress 2, there was a reversal and silk 
counts on August 6, 8, 10 and 12 showed a significant delay in silking 
for spray date 2. As 50% of spray date 2 plots were involved in stress 
2 this surely was the dominant factor in this silk delay. This is 
illustrated in Figure 13. One day after stress 2 was imposed and 
continuing through all counts, a significantly lower percent of the 
plants that were stressed for moisture did not have silks showing in 
coaparison to those which were not stressed. Stress 1, which was 
applied several days prior to any silk emergence, did not have a 
significant influence upon silking while a stress (stress 2) imposed at 
the onset of silking did delay silk emergence as can be seen in Figure 
14. A similar pattern in which a stress during the reproductive period 
had a greater influence has been noted by previous workers (Barnes, 
1966, and Vincent, 1968). This is illustrated in the spray dates by 
moisture interaction which can be observed in Table 31. 
A possible effect on silking for the ammonium phosphate spray under 
stress conditions can be seen in the August 6 and August 8 silk counts 
shown in Table 32. The interaction of moisture stress by nutrients 
is significant on these two dates. The ammonium phosphate spray is 
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associated with silking percentages about 4 to 5% lower than for the 
control under non-stress conditions; however, under stress conditions, 
Ammnr,iinn phosphate treatments had silking percentages approximately 
10 to 13% greater than the control on these two dates. As all plants 
were watered at the end of a stress period, any lasting effect of the 
foliar applied ammonium phosphate on silking may have been lost due to 
a sufficient water supply and the availability of soil phosphorus. 
The only other relationship involving silking was that a significantly 
higher percent of the plants were silked for the first two counts (July 
22 and July 24) in Experiment 4 where soil applied phosphorus had been 
added. It Is interesting to note that soil applied phosphorus produced 
a slight yield decrease (10% level of probability). It is possible that 
a faster silking rate was a disadvantage in this case as the moisture 
stress index was greater during the earlier part of the silking, and 
rains on July 26, 27 and 28 may have aided in silk elongation. The 
earlier silks may have been somewhat less receptive to pollen under the 
rather severe stress prior to the above mentioned rains. 
No influence of the ammonium phosphate spray on plant height was 
noted in Experiment 3. Spray date 2 plants were significantly taller 
than spray date 1 plants on July 28 and August 4. As in the case of 
silking, the influence of time of stress was most likely the major 
factor. Stress during the vegetative stage, which corresponded to 
spray date 1, would have a greater influence on plant height than stress 
during the Reproductive stage when final plant height had essentially 
been reached. Although only 30% of the plots for each spray date were 
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stressed, this is believed to be the dominant factor. This same 
reasoning applies to the interaction of spray date by moisture stress 
which was significant on July 24, 28 and August 1 as shown in Table 35. 
Plants which were under stress during spray date 1 were smaller due to 
stress 1 which was terminated on July 26. In time these plants appear 
to regain some of the height disadvantage. Plants which were under 
stress during spray date 2 had almost reached their final height before 
stress 2 was begun on August 1. 
No influence of the ammonium phosphate spray on the final leaf area 
index (LAI) was noted. The LAI for the ammonium phosphate treatment 
was significantly lower than the control on July 22. As the nutrient 
spray had not yet been applied, it can't be credited for this reduction 
in LAI. Although visual deterioration of lower leaves was observed 
during stress, precision was only good enough to show a significantly 
lower LAI on the August 7 measurement which was during the reproductive 
stage. The stressed LAI was 2.79 and the non-stressed LAI was 3.08. 
Measurements of all plots were made on August 15 and were assumed to 
represent the maximum LAI. The stressed LAI was 2.82 and the non-stress 
value was 2.98. This difference was significant only at the 10% level. 
The entire discussion on LAI would seem to indicate no effect for any 
nutrient spray and a rather small and somewhat inconsistent depressing 
effect by stress. Two plants per experimental unit may not have been 
a large enough sample. 
Leaf analysis for various nutrient elements has become a common 
method of evaluating the nutritional status of a plant. By observing 
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the difference in leaf nutrient levels for various treatments, the 
effectiveness of those treatments can be evaluated. Tyner (1946) was 
one of the first to define "critical" concentrations as those above which 
response to further fertilization of that nutrient is doubtful. 
In Experiment 2, a significant increase in percent leaf nitrogen was 
found. The overall leaf nitrogen level for the urea spray treatments 
was 3.33% compared to a control value of 3.45% or an increase of 0.08%. 
It must be remembered that 25% of the plots getting urea sprays 
received a total of 54 pounds per acre of foliar applied nitrogen while 
the rest received 18 pounds per acre of nitrogen. In all experiments 
where some nitrogen was sprayed on the leaves, there was a trend toward 
higher leaf nitrogen levels; however, only in the one case was the 
increase significant. 
In all experiment where leaf nitrogen levels were determined, there 
was a significant difference in leaf nitrogen levels based on the various 
spray dates. As leaf sampling was done two weeks following each spray 
date, much of the difference was probably due to differences in stage of 
plant maturity. In all cases, percent leaf nitrogen declined for later 
spray dates (more mature plants sampled). For example, in Experiment 1 
the leaf nitrogen levels were 3.22%, 3.15% and 2.79% for spray dates 1, 
2 and 3 respectively. Helsted et al. (1969) found a similar downward 
trend in corn leaf nitrogen levels as sampling date was delayed. 
The higher plant population had a significantly lower leaf nitrogen 
level than did the lower population in Experiment 1. The mean leaf 
nitrogen was 2.93% for 22,000 plants per acre and 3.17% with a 16,000 
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population. Leaf phosphorus levels were also significantly lower at the 
higher population. That higher populations would have lower nutrient 
contents at constant fertilization levels does not seem surprising. 
In all experiments where leaf phosphorus was determined, there was a 
significant difference in leaf phosphorus levels based on the various 
spray dates. However, unlike the results of Melsted et al. (1969) the 
trend was not one of lower phosphorus levels being associated with the 
later dates. Except for a slight non-significant trend in favor of spray 
date 4, (three times as much phosphorus), the highest leaf phosphorus 
level was that for spray date 2 in all five experiments where more than 
one spray date was used. In this case the leaf samples were taken 
approximately two weeks after the tassel-silk interval. In Experiment 1 
leaf phosphorus content for spray dates 2 and 3 was significantly higher 
than for spray date 1. In Experiment 2, spray dates 2 and 4 had 
significantly higher leaf phosphorus levels than did spray date 1. Spray 
date 2 had significantly higher leaf phosphorus than did spray date 1 
in Experiment 3. All spray dates gave significantly different phosphorus 
leaf concentrations in Experiment 4. Spray date 2 was highest, spray 
date 1 was intermediate and spray date 3 lowest in percent leaf phos­
phorus. Spray date 2 was significantly higher than spray date 3 in 
Experiment 6. It is difficult to explain %Ay spray date 2 should have 
the highest values. 
In all experiments where a control treatment was used, all foliar 
applied phosphorus sprays significantly increased the leaf phosphorus 
concentrations. The size of this increase varied greatly. The aTntnnm'iim 
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phosphate treatment in Experiment 1 Increased leaf phosphorus levels by 
8.6% over the control. The Increase for calcium phosphate was 6.4%. 
The calcium phosphate spray did relatively poorer at the 5.5 pound per 
acre rate. In Experiment 2, the ammonium phosphate treatment Increased 
leaf phosphorus levels by 24% over the control. In Experiment 3, the 
ammonium phosphate treatment produced leaf phosphorus levels 5% higher 
than the control. The 5.5 and 8.2 pound per acre phosphorus treatments 
increased leaf phosphorus levels 20% and 35.7%, respectively in Experi­
ment 4. In the same experiment a broadcast soil application of 33 
pounds per acre of phosphorus increased leaf phosphorus levels by only 
2.8%. Ammonium phosphate increased leaf phosphorus by 31.7% in 
Experiment 6. It was increased by 39.6% where an ammonium phosphate-
urea treatment was used. 
Several lines of reasoning could be pursued to explain why the percent 
increases in leaf phosphorus levels varied to such degrees in different 
experiments. The spray date by nutrient Interaction was highly signifi­
cant in Experiments 2, 3, and 4. It was significant at the 10% level in 
Experiment 6. In Experiment 2, leaf phosphorus levels for the ammonium 
phosphate treatment relative to the control are considerable higher for 
spray date 2 than for spray date 1; and spray date 3 is relatively higher 
than spray date 2. Spray date 4 is even higher than date 3, but the 
greater total phosphorus application complicates this interpretation. 
Based on the stress index of Corsl and Shaw (1971) only 0.07 of a 
stress-day accumulated for the period of July 18 to July 31, while the 
July 31 to August 14 period had 1.47 and the August 14 to August 27 
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period had 2.00 stress days. Starting when spray date 2 leaf samples 
were taken, leaf lesions due to leaf blight were becoming quite evident. 
In Experiment 3, the ammonium phosphate treatment increased leaf 
phosphorus content over the control by 4% for spray date 1 and by 21.1% 
for spray date 2. In the same experiment, non-stressed plots experienced 
a 6.4% increase in leaf phosphorus where ammonium phosphate was applied. 
The increase for stress plots was 14%. To say that spray date per se 
was a greater factor than stress probably isn't a valid comparison. 
The lower level of relative turgidity achieved and the longer stress 
period for stress 2, plus a greater atmospheric demand for moisture 
during the two weeks following spray date 2 would make such a comparison 
questionable. When Experiment 4 is considered, there is a slightly 
greater percent Increase in leaf phosphorus from the two ammonium phos­
phate treatments for spray date 1 than for spray date 2 although the 
absolute levels were greater for spray date 2. The average of the two 
phosphate treatments on spray date 2 also exceeds the control by a 
greater percentage than is true for spray date 3. This trend is just 
the reverse of that found in all other experiments where the spray date 
by nutrient interaction was significant. However, when the total stress-
day index for the two week period after each spray date is considered, 
an interesting pattern develops. The total stress days for such a period 
following spray dates 1, 2 and 3 were 4.90, 5.95, and 0.53, respectively. 
In Experiment 6 the two treatments which contained phosphorus had 
phosphorus leaf contents which were 30% greater than the control for 
spray date 2 and 48.2% greater than the control for spray date 3. An 
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exact comparison between the two periods is not possible as the spray 
date 3 leaf samples were not taken exactly two weeks after the spray 
date. Both were periods of severe stress as from July 16 until August 
31, not a single day had a stress index of less than 0.75. Only in 
Experiment 1 where Increases in leaf phosphorus due to phosphorus sprays 
were small was there no apparent relationship between the phosphorus 
sprays and spray dates as they influence leaf phosphorus concentrations. 
Experiment 1 was conducted in an environment of less than normal moisture 
stress. The role of leaf diseases in Experiments 2 and 4 in these 
relationships is not known. 
Only in Experiment 3 could a direct comparison of leaf phosphorus as 
it relates to moisture stress following foliar application and prior 
to the taking of leaf samples be made. In other experiments, an indirect 
comparison could be made by studying the spray date by nutrient inter­
action and relating it to whatever stress that may have occurred during 
the two weeks prior to leaf sampling. It would appear that moisture 
stress contributed to the large increases in leaf phosphorus found in 
the experiments. One possible reason for this could be reduced trans­
location of the phosphorus out of the leaf to other plant parts when 
the plant is under stress as reported by Wilson and McKell (1961). 
Pallas and Williams (1962), working with kidney beans, found that foliar 
absorbed phosphorus was translocated out of the leaf eight times faster 
at a soil moisture tension just below one-third atmosphere as compared 
to a soil moisture tension of three atmospheres. They found phosphorus 
uptake was somewhat less when the plant was under stress, but 
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translocation was restricted more than uptake. Also the demand for 
nutrients in the more active growth areas may be less when water is 
limiting plant growth. In order to study the distribution of the phos­
phorus throughout the plant, other plant parts would need to be sampled. 
As the study of nutrient levels in a specific com leaf have been used 
almost exclusively to evaluate nutrition supplied through the roots, it 
may not be a valid index for foliar application, especially if stress is 
involved. 
Foliar applied phosphorus caused a significant yield increase in 
Experiment 1; possible increases were also found in Experiment 2 and 3. 
Leaf phosphorus levels were .279% for the control and .303% for the 
ammonium phosphate treatment in Experiment 1. The control leaf phosphorus 
concentrations were higher than expected in Experiments 2, 3 and 4, as 
the concentrations were 0.337%, 0.298% and 0.300%, respectively. As 
different investigators have reported that maximum com yields can be 
achieved with leaf phosphorus levels at silking of 0.34% (Dumenil and 
Hanway, 1965) or 0.35% (Voss et al. 1970), it may not be surprising that 
large yield increases were not achieved. Although leaf samples were 
stored for only two to four days prior to washing, and at a cool 
temperature (45 F.), there is some possibility of loss of leaf dry weight 
due to decomposition prior to drying the samples. It has been shown by 
Lockman (1970) that sample decomposition can bias leaf analysis readings 
upward, although the storage methods used were far more severe in his 
study. In spite of this concern, there was not a significant yield 
response associated with the large increases in leaf phosphorus in 
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Experiment 6. The mean leaf phosphorus concentration for the control 
treatment in this case was 0.224%. In this environment of severe 
moisture stress, bringing the leaf phosphorus up to 0.31% with the 
ammnTi-fiiTn phosphate-urea treatment did not increase yields. No relation­
ship between stress and nitrogen leaf content as influenced by foliar 
nitrogen spray was found. 
Lowering the pH of the phosphorus spray solution did not increase 
yields, or give a statistical increase in leaf phosphorus as reported by 
some workers (Swanson and Whitney, 1953; Teubner et al., 1967; and 
Okuda et al., 1960). 
In Experiment 2 it was found that leaf potassium declined as 
sampling date was delayed. None of the nutrient treatment main effects 
had a significant influence on the leaf potassium levels. 
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SUMMARY 
The main objective of this study was to evaluate the influence of 
foliar applied nutrients on yield and leaf composition of com under 
different environmental conditions. Foliar applications of nitrogen and 
phosphorus were compared at different rates, at different stages of 
plant growth (spray dates) and under moisture conditions that ranged 
from very slight to extreme moisture stress. Mean yields ranged from a 
low of near 21 bushels per acre to a high of over 135 bushels per acre. 
Besides yield and leaf composition, plant characteristics measured 
included kernel moisture, barren stalks, dropped ears, silking and stalk 
lodging. Plant height and leaf area index (LAI) was also considered in 
one experiment. 
The main chemicals used were ammonium phosphate as a phosphorus 
source and urea as a nitrogen source. Calcium phosphate, an ammonium 
phosphate-urea mixture and an ammonium phosphate solution which was of 
lower pH due to addition of some phosphoric acid were also used in 
individual experiments. Although not all were used in every experiment, 
the spray dates were at the tassel-silk interval, two weeks prior to the 
tassel-silk interval and two weeks after the tassel-silk interval. A 
multiple spray, which included a spray treatment on all three dates, was 
used in Experiment 2. Spray rates used were thought to be the maximum 
that could be used without appreciable leaf damage. In some cases, the 
safe level was exceeded and some leaf damage was observed. 
The influence of the moisture stress during different experiments 
was of interest and the stress index system reported by Corsi and Shaw 
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(1971) was used to catalog growing seasons and segments of growing 
seasons. Relative turgldlty measurements were used In Experiment 3 to 
characterize moisture stress. 
A 4.5 bushel per acre yield increase resulted from 5.5 pounds per acre 
phosphorus as an ammonium phosphate spray in Experiment 1. Ammonium 
phosphate Increased yields significantly more than did urea treatments 
in Experiment 2. A significant spray date by nutrient interaction 
indicated a positive yield response for an ammonium phosphate spray during 
the reproductive period and if anything, a yield depression during the 
vegetative stage (two weeks prior to tassel-silk interval). 
No indication of a superior yield response during years of moisture 
stress was achieved. Although not significantly different, any yield 
response to a nutrient spray in Experiment 3, where a direct comparison 
was possible, trended in favor of non-stress conditions. Also Experi­
ments 1 and 2, which had some yield differences, were conducted under 
more favorable growing conditions and average yields were above 130 
bushels per acre. Experiments 4 and 6 gave no indication of a yield 
response under poorer environmental conditions. Yield averages of 
approximately 100 and 21 bushels per acre were achieved in Experiments 4 
and 6, respectively. 
Positive yield responses from nitrogen applied as urea were not 
achieved. When 18 pounds of nitrogen was applied three different times 
at two week Intervals, giving a total of 54 pounds of nitrogen per acre, 
yields were reduced 10 bushels per acre below the average for a single 
18 pound nitrogen per acre rate for these dates. When three applications 
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giving a total of 16.5 pounds per acre of phosphorus were applied, yields 
were nearly 7 bushels lower than for the average of the single 5.5 pounds 
per acre phosphorus spray. Leaf injury was noticeable where three 
applications were used, especially for nitrogen. 
In all experiments, significant increases in leaf phosphorus concentra­
tions were found as the result of phosphorus containing foliar sprays. The 
size of the response was quite variable. In Experiment 1 increases in 
leaf phosphorus over the control were 8.6% for ammonium phosphate and 6.4% 
for calcium phosphate. A 24% increase for ammonium phosphate was achieved 
in Experiment 2, while the increase was 5% in Experiment 3. Increases were 
20% and 35.7% for 5.5 and 8.2 pounds per acre phosphorus sprays of ammonium 
phosphate in Experiment 4. In the same experiment when 33 pounds per acre 
of phosphorus was disked into the soil, leaf phosphorus levels were raised 
by 2.8%. Increases were 31.7% for an ammonium phosphate spray and 39.6% 
where an ammonium phosphate-urea solution was used in Experiment 6. In 
both cases, the total phosphorus applied was 5.5 pounds per acre. Foliar 
applied urea had far less Influence on leaf nitrogen levels. A significant 
leaf nitrogen increase due to foliar applied urea was found only in one case. 
By studying significant spray date by nutrient Interactions, it was 
noted that when the percent increase in leaf phosphorus was largest, 
almost invariably the period from that spray date until leaf samples 
were taken was one with a greater moisture stress index. Where a direct 
comparison was possible, non-stressed plots experienced a 6.4% 
increase in leaf phosphorus where ammonium phosphate was applied. The 
plots which had been stressed had a 14% Increase. As all plots received 
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adequate water for several days prior to leaf sampling, the author feels 
that differences between stress and non-stress phosphorus leaf levels 
might have been even greater had the samples been taken prior to re-
watering of the stress plots. That moisture stress will greatly slow the 
translocation of foliar absorbed phosphorus out of plant leaves has been 
well demonstrated by Pallas and Williams (1962). Experiments 2 and 4 were 
complicated by invasions of leaf blight, Helminthosporium maydis (Race T), 
during August. The influence of this disease on nutrient translocation 
is not known. 
If foliar applied nutrients accumulate in the leaves under some 
conditions rather than moving to all parts of the plant, traditional 
analysis of an index leaf may not be a true indicator of a plant's 
nutrient status. Usefulness of leaf analysis as an indicator of the 
nutrient status of a plant, as it relates to possible yield response due 
to fertilization, is based on research where all nutrients were taken 
up by the roots. When foliar nutrient applications are used, the bulk 
of plant uptake occurs in a matter of hours or in just a few days, while 
soil applications supply nutrients over an entire growing season. Based 
on traditional yield responses with different leaf phosphorus levels, it 
is not surprising that large yield increases were not found in some 
experiments even though large increases in leaf phosphorus occurred. 
However, where control leaf levels were very low, yield increases did not 
occur even where large increases in leaf phosphorus resulted from spray 
treatments. 
Overall leaf phosphorus levels were consistently higher in spray 
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date 2 leaf samples. As expected, nitrogen leaf levels declined as the 
season progressed. Although potassium sprays were not used, potassium 
leaf levels also declined as the season progressed. Both leaf nitrogen 
and phosphorus levels were significantly lower when the plant population 
was 22,000 plants per acre as compared to 16,000 plants per acre. 
There was some indication that foliar application may speed the rate 
of silking. This was also noted for soil applied phosphorus. The 
influence of foliar nutrients on kernel moisture, barren stalks or 
lodged stalks was very minor, if any. 
Varying the pH of the phosphate solution in Experiment 5 did not 
significantly influence any of the characteristics measured. 
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APPENDIX 
Figure 18. Typical leaf blight symptoms in late August of 1971 
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Table 48. Daily rainfall during 1968 growing season at Agronomy Farm 
(inches) 
Day May June July August September 
1 0.05 0.01 
2 
3 0.07 
4 0.05 2.38 
5 0.04 0.03 
6 0.35 
7 0.32 0.49 0.56 0.06 
8 1.56 0.01 
9 0.66 0.01 
10 0.05 
11 2.20 
12 0.08 
13 0.42 
14 0.52 0.89 
15 0.06 
16 0.22 0.24 0.03 0.03 
17 0.05 0.05 0.27 
18 0.06 0.02 0.15 0.04 
19 0.08 
20 0.02 
21 0.02 
22 0.03 
23 0.05 0.46 
24 1.49 0.03 0.03 
25 0.35 1.31 
26 0.62 0.71 0.53 
27 0.01 0.27 
28 
29 0.06 1.19 1.42 
30 0.22 
31 0.03 0.30 0.10 
Totals 2.41 9.09 2.25 3.33 4^28 
Normal* 4.28 5.21 3.31 3.85 3.30 
®Based on records from "Old Agronomy Farm" located five miles south­
east of present site. 
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Table 49. Daily maximum and minimum temperatures during 1968 
growing season at Agronomy Farm (°F) 
Day June July August September 
Max. Min. Max. Min. Max. Min. Max. Min. 
1 79 55 75 53 77 52 72 51 
2 87 54 75 52 81 53 82 51 
3 90 56 78 50 82 62 84 61 
4 92 63 80 59 80 65 77 58 
5 90 65 82 61 93 69 67 47 
6 89 65 82 62 95 72 66 46 
7 89 68 84 63 94 68 82 50 
8 90 65 87 62 88 66 78 59 
9 89 63 87 62 84 66 68 54 
10 88 64 79 54 85 59 70 45 
11 73 60 85 58 73 52 73 47 
12 73 55 87 65 78 54 76 44 
13 85 55 88 64 86 58 82 49 
14 84 59 89 68 86 58 81 50 
15 75 49 89 70 83 65 80 49 
16 69 50 86 69 87 69 68 62 
17 77 56 82 67 87 53 68 53 
18 82 65 85 68 76 58 63 53 
19 82 59 84 60 87 70 65 49 
20 90 62 84 59 92 68 72 45 
21 89 78 91 65 91 71 77 56 
22 84 57 90 63 94 73 80 63 
23 90 65 83 68 95 72 76 66 
24 82 62 82 67 92 58 73 50 
25 81 60 84 62 77 51 73 41 
26 61 48 84 65 74 51 73 43 
27 70 46 83 66 73 53 72 47 
28 87 51 79 54 74 54 70 49 
29 89 63 81 55 74 53 68 50 
30 83 62 84 61 73 59 80 50 
31 81 61 71 61 
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Table 50. Stress index values for com following com during 1968 at 
the Agronomy Farm* 
Day June July August 
1 0.00 0.24 
2 0.00 0.26 
3 0.00 0.04 
4 0.00 0.04 
5 0.00 0.34 
6 0.01 0.61 
7 0.00 • 0.36 
8 0.00 0.03 
9 0.01 0.01 
10 0.00 0.16, 
11 0.00 0.02* 
12 0.01 0.20 
13 0.03* 0.03 
14 0.02 0.24 
15 0.03 0.28 
16 0.00 0.04 
17 0.00 0.32 
18 0.01 0.05 
19 0.01 0.35 
20 0.01 0.36 
21 0.07 0.40 
22 0.10 0.68 
23 0.01, 
O.Op 
0.71 
24 0.73 
25 0.14 0.51 
26 0.16 0.53 
27 0.00 0.18 0.07 
28 0.00 0.18 0.45 
29 0.00 0.21 0.08 
30 0.00 0.50 0.09 
31 0.25 0.08 
Total for 66-day period - 10.3 
Normal for 66-day period - 12.1 
^Based on calculation methods described by Corsl and Shaw (1971). 
^Date when nutrient spray applied. 
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Table 51. Daily rainfall during 1969 growing season at Agronomy Farm 
(inches) 
Day May June July August September 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Totals 
Normal^ 
0.10 
0.22 
0.31 
0.17 
0.22 
0.03 
0.31 
0.01 
0.11 
0.04 
0.07 
0.73 
0.01 
0.06 
0.04 
0.72 
0.03 
0.01 
3.21 
4.28 
0.11 
0.46 
0.04 
0.59 
1.09 
0.17 
0.34 
0.08 
0.02 
0.02 
0.31 
0.76 
0.30 
5.96 
5.21 
0.60 
0.04 
0.22 
0.27 
0.27 
0.86 
0.31 
0.01 
0.09 
1.79 
0.13 
0.06 
4.90 
3.31 
0.20 
1.40 
2.04 
0.42 
2.02 
3.85 
0.01 
0.03 
0.06 
0.20 
1.51 
0.74 
1.59 
0.10 
0.14 
0.10 
4.48 
3.30 
^Based on records from "Old Agronomy Farm" located five miles southeast 
of present site. 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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Dally maximum and minimum temperatures during 1969 growing 
season at Agronomy Farm ( F) 
June July August September 
Max. Mln. Max. Mln. Max. Mln. Max. Mln 
75 48 78 53 78 57 73 53 
63 42 83 63 79 58 75 50 
75 38 82 61 81 56 80 54 
83 54 88 66 79 56 80 64 
90 54 83 66 86 61 84 64 
89 62 78 59 90 68 83 65 
78 60 68 61 89 69 77 58 
71 53 79 64 88 56 76 55 
71 50 80 68 87 62 68 42 
79 48 87 65 83 63 71 46 
78 62 88 67 85 60 74 53 
71 52 92 70 86 61 80 52 
66 43 92 69 85 66 80 58 
66 48 92 75 82 60 81 60 
72 47 90 73 82 58 79 64 
74 48 91 76 83 64 73 58 
79 58 91 69 87 64 72 49 
84 57 86 71 86 63 69 54 
84 63 81 68 85 67 70 53 
73 48 79 63 80 66 73 46 
75 54 79 57 77 60 76 47 
77 59 85 59 78 57 75 58 
68 56 85 65 88 56 67 49 
76 58 84 62 80 54 65 37 
80 56 86 61 82 58 76 48 
78 63 88 67 82 57 78 46 
80 58 75 58 84 61 77 48 
80 57 78 58 87 67 73 47 
87 62 83 61 88 68 78 46 
82 62 83 60 87 63 76 49 
73 65 86 63 
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Table 53. Stress Index values for com following com during 1969 
at the Agronomy Farm^ 
Day June July August 
1 0.00 0.04 
2 0.00 0.04 
3 0.00 0.04 
4 0.00 0.04 
5 0.00 0.05 
6 0.00 0.23 
7 0.00 0.26 
8 0.00 0.09 
9 0.00 0.01 
10 0.00 0.13 
11 0.00 0.15 
12 0.00 0.17 
13 0.00 0.21, 
14 0.00 0.23b 
15 0.00 0.24 
16 0.00 0.03 
17 0.01 0.28 
18 0.00* 0.32 
19 0.00 0.05 
20 0.00 0.05 
21 0.01 0.03 
22 0.01 0.20 
23 0.00 0.21 
24 0.01 0.03 
25 0.01 0.03 
26 0.02 0.26 
27 0.00 0.00 0.04 
28 0.00 0.00 0.32 
29 0.00 0.00 0.61 
30 0.00 0.01- 0.64 
31 0.01^ 0.07 
Total for 66-day period - 5.2 
Normal for 66-day period - 12.1 
^Based on calculation methods described by Cor si and Shaw (1971). 
^Date when nutrient spray applied. 
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Table 54. Daily rainfall during 1969 growing season at Beach Experimental 
Area (inches) 
Day June July August September 
1 0.31 
2 
3 
4 0.95 0.09 
5 
6 0.16 0.18 
7 1.29 0.11 1.66 
8 1.00 
9 1.55 1.10 
10 0.03 
11 0.39 0.64 
12 1.32 
13 
14 0.12 2.10 
15 
16 
17 0.19 
18 
19 
20 1.42 
21 .01 
22 
23 0.34 0.22 0.14 
24 
25 0.04 0.15 
26 0.61 1.95 
27 1.62 0.24 
28 
29 0.94 
30 0.72 
31 0.06 
Totals 7.35 6.26 2.71 5.33 
Normal^ 5.21 3.31 3.85 3.30 
^ased on records from "Old Agronomy Farm" located 1.5 miles southwest 
of this site. 
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Table 55. Daily rainfall during 1970 growing season at Agronomy Farm 
(Inches) 
Day May June July August September 
1 0.14 0.07 
2 0.33 
3 0.21 0.11 
4 2.51 
5 0.07 
6 0.03 0.02 
7 1.35 
8 0.31 
9 0.01 0.71 
10 0.16 
11 0.12 1.79 
12 0.59 0.04 0.28 
13 4.71 0.08 
14 1.02 1.36 
15 0.46 1.59 
16 0.01 0.62 0.02 
17 0.01 0.01 0.14 0.10 
18 0.76 1.19 
19 0.01 
20 0.29 
21 0.21 
22 0.05 
23 0.39 0.22 
24 0.10 
25 0.12 0.48 
26 0.03 
27 0.07 1.05 
28 1.24 
29 0.24 
30 0.07 
31 0.05 
• Totals 7.53 3.15 3.79 5.76 5.32 
Normal* 4.28 5.21 3.31 3.85 3.30 
^ased on records from "Old Agronomy Farm" located five miles south­
east of present site. 
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Table 56. Dally maximum and minlimim temperatures during 1970 growing 
season at Agronomy Farm ( F) 
Day June July August September 
Max. Mln. Max. Hin. Max. Hin. Max. Min. 
1 69 58 95 74 87 62 87 63 
2 69 55 94 73 89 64 82 68 
3 69 49 93 61 87 60 87 65 
4 70 44 75 56 75 57 87 63 
5 84 54 79 53 73 62 85 58 
6 84 54 79 54 73 67 91 66 
7 87 60 83 59 75 69 87 68 
8 87 60 82 62 74 66 83 54 
9 87 67 83 57 79 62 87 56 
10 86 67 85 58 81 58 69 47 
11 82 59 88 62 82 62 72 43 
12 76 62 90 64 83 61 70 52 
13 84 59 93 67 85 61 55 43 
14 93 69 94 68 88 62 53 43 
15 90 70 94 60 86 68 63 52 
16 87 60 87 57 83 60 63 48 
17 84 65 91 65 80 58 63 53 
18 83 61 90 65 85 65 69 47 
19 72 48 82 60 86 70 79 49 
20 72 58 72 49 81 55 88 56 
21 72 51 76 52 77 52 86 66 
22 78 53 79 53 78 57 74 53 
23 83 53 79 52 77 53 62 53 
24 83 68 87 58 83 54 68 51 
25 81 55 90 62 83 56 68 52 
26 81 61 90 68 87 58 62 38 
27 81 55 85 68 87 63 65 39 
28 91 63 87 68 87 62 72 40 
29 96 69 88 71 90 67 84 42 
30 94 73 89 66 88 67 83 47 
31 90 70 78 51 
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Table 57. Stress index values for com following com during 1970 at 
the Agronomy Farm 
Day June July August 
1 0.31 0.28 
2 0.25 0.32 
3 0.30 0.61 
4 0.33 0.05, 
5 0.14 0.04^ 
6 0.16 o.oo 
7 0.02 0.00 
8 0.52, 
0.3p 
0.00 
9 0.00 
10 0.16 0.00 
11 0.46 0.00 
12 0.50 0.04 
13 0.27 0.17 
14 0.59 0.05 
15 0.61 0.06 
16 0.39 0.07 
17 0.45 0.00 
18 0.50 0.10 
19 0.01 0.01 
20 0.14, 0.02 
21 0.43^ 0.03 
22 0.72 0.03 
23 0.38 0.04 
24 0.68 0.00 
25 0.70 0.05 
26 0.71 0.05 
27 0.01 0.08 0.06 
28 0.09 0.34 0.07 
29 0.17 0.21 0.28 
30 0.23 0.22 0.11 
31 0.24 0.01 
Total for 66-day period - 14.3 
Normal for 66-day period - 12.1 
^Based on calculation method described by Corsl and Shaw (1971). 
^Date when nutrient spray applied. 
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Table 58. Daily rainfall during 1970 growing season at Moody Experimental 
Farm (inches) 
Day May June July August September 
1 0.74 
2 0.39 
3 0.02 
4 
5 
6 0.07 0.11 
7 0.36 0.02 
8 
9 0.03 0.13 
10 0.46 0.11 
11 0.25 
12 0.21 0.48 
13 0.14 0.72 
14 0.03 0.09 0.26 0.16 
15 0.81 
16 0.53 0.62 
17 0.13 
18 0.20 0.05 
19 
20 0.42 
21 0.04 0.21 
22 
23 0.30 0.51 
24 0.13 
25 0.35 
26 0.04 
27 0.38 
28 
29 0.65 
30 0.08 
31 0.02 
Totals 2.31 2.01 2.56 0.19 3.18 
Inwood 
Normal 3.22 4.27 2.85 3.52 2.65 
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Table 59. Stress index values for com following com during 1970 at 
Moody Experimental Farm 
Day June July August 
1 0.67 0.82 
2 0.68 0.93 
3 0.72 0.90 
4 0.76 0.91 
5 0.78 0.80 
6 0.81 0.81 
7 0.73 0.82 
8 0.79 0.82 
9 0.71 0.82 
10 0.75 0.81 
11 0.76 0.93 
12 0.87 0.94 
13 0.80 0.98 
14 0.69 0.98 
15 0.67, 0.92 
16 0.81^ 0.87 
17 0.83 0.88 
18 0.75 0.89 
19 0.77 0.96 
20 0.77 0.91 
21 0.80 0.91 
22 0.90 0.82 
23 0.91 0.94 
24 0.84 0.98 
25 0.98 0.99 
26 0.98 0.99 
27 0.64 0.92 0.99 
28 0.68 0.92 0.95 
29 0.77 0.98 0.95 
30 0.18 0.92, 
0.9? 
0.95 
31 0.95 
Total for 66-day period - 55.6 
Normal for 66-day period - 22.3 
^Based on calculation methods described by Corsi and Shaw (1971). 
^Date when nutrient spray applied. 
